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THE CENTENARY OF GREGOR MENDEL AND 
OF FRANCIS GALTON’ 


MENDEL AND HIS CONTEMPORARIES 
By Professor E. M. EAST 


BUSSEY INSTITUTION, HARVARD UNIVERSITY 


N law the death duty is a tax imposed on the transfer of prop- 
{ erty at the owner’s death. It is a tribute which the legatee 
pays to the public in return for an acknowledgment of title to his 
inheritance. To-day we publicly pay a death duty for the intel 
lectural legacy which we as biologists have received from Mendel 
and his contemporary fellow-workers. We meet to proclaim our 
indebtedness to the men who found the study of heredity buried in 
the depths of a hazy mysticism, and left it one of the most firmly 
established branches of quantitative biology. There is an element 
of affection apart from the sense of justice in making this acknowl- 
edgment. We know that nothing that we can say here will add to 
or detract from the merits of these men of the latter part of the 
nineteenth century, but we wish to say a few words of homage as 
a free-will offering to the excellence of past greatness. 

I was quite proud of the above paragraph when it was first 
written. Having listened attentively to several political orators 
on Memorial Sunday, I felt that it had just the proper shade of 
artistic solemnity expected on such occasions. In fact, it seemed 
as if both custom and decency demanded a series of eulogies attuned 
to a motive resembling the Dead March from ‘‘Saul.’’ But I am 
told that this apparently decorous procedure is a mere subterfuge 
which deceives no one who has been taught the rudiments of inter- 
preting the subconscious. What we really do in a case like this 
[ learn, is to use it as an opportunity for releasing various over- 

1 Papers in honor of the centenaries of the birth of Gregor M 
f Francis Galton, presented at a meeting of the American & 
uralists held at Boston, on December 29, 1922. 


XVI.—15 
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compensations from the springs of our own vanity. These suppos: 
tributes are defense reactions. Their true purpose is to show } 
much better is the scholarship of the present day—that is ¢ 
our own scholarship—than any which went before. Our mot 
De mortuis nil nist bonum, but our memorial wreaths are + 
with poison ivy. We are not far from following the intent of ; 
epitaph of the gentleman of the frontier, without a single redee; 
ing quality, without a single friend, whose fellow-townsmen mark; 
his last resting place with the truthful inscription: ‘‘In memo; 
of John Black the citizens of Crimson Gulch are happy to . 
this monument.’’ 

One is doomed, therefore; if he escapes Scylla, he is certai, 
be wrecked on Charybdis. According to my informant 
praises, his encomiums are accounted like those of him who ¢ 
tiates on the superb tennis of the opponent he has just beat 
he is critical, he lacks the good taste to conceal either his enyy 
his egotism. It is disturbing thus to be initiated into t} 
sordidness of the human soul. I had intended to utiliz 
auspicious oceasion to inquire into the reasons for Gregor M 
successful masonry in laying a solid foundation for tw: 
century genetics. It appeared to be a worthy academic qu 
which might have a modicum of importance in determining fu 
trends in biology. I could have entered the affair stimulated by 
the valor of ignorance, like the Honorable William Jennings Brya 
and have said whatever seemed fitting; now I suppose I ought t 
be as circumspect as a speaker at a birth-control meeting with A: 
thony Comstock on the front seat. 

Fortunately one need neither admit nor deny the contentions 
these psycho-analysts. Let the actual personal motives for 
actions be what they may, there is an obvious reason both 
praising and for criticizing in this particular memorial celebrat 
which ought to be satisfactory to all concerned. Whether we belong 
to the aristocracy or the proletariat of science, whether our 
be the nineteenth or the twentieth century, let us do one anot 
the honor of believing that each can be counted among thos 
seek the plain unqualified truth. If, therefore, we do not 
those of the past as carefully as those of the present, we do | 
injustice; in plain language, we are insincere ourselves, and 
assume that our predecessors were such false scientists as to prefe! 
hollow eulogies which lead nowhere to critical discussions ! 
might aid in banishing error and fallacy. 

When one speaks of co-mendelian genetic biology, he must 
clude the sixty years previous to the beginning of the twe 
century if he is to obtain any enlightenment on the subject 
Mendel’s triumph. During this period there were three typ 
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work in progress which contributed directly to the establishment 
of genetics—experimental breeding, morphology and demographic 
mathematics. If one should undertake to enumerate the investiga- 
tions which contributed their mites indirectly, he would be com 
pelled to list every advance in knowledge made, for science seems 
to be like the colonial protozoan, faring best when cultivating 


interdependence. 
The experimental breeding of the time was plant breeding. 
\nimal breeding, of course, was much older; but as a method by 


which to discover new facts in pure science, it remained in the 
same stage of moribund quiescence from the time of the Baby- 
lonians, until rejuvenated by the quantities of interstitial tissue 
inserted by the zoologists of the present day. Plant breeding in 
England, France and Germany, on the other hand, had established 
several very interesting truths, such as the similarity of reciprocal 
erosses, the high variability of hybrids of the second generation 
when compared with that of the first, the dominance of characters 
and the reappearance of characters after being lost in the 
melting pot of the first hybrid generation. The names of 
the workers who made these discoveries are familiar. Among them 
are Girtner, Godron, Lecoqg, Herbert, Naudin, Vilmorin, Klotzsch, 
Carriére, Wichura, Hildebrand, Jordan, Haeckel, Henslow, Focke 
and Darwin; but with the exception of Darwin, I doubt whether 
any one of us could say who they were, what was their training, 
how they worked or what they added to the world’s knowledge. 
Presumably they were all worthy men, who, outside of the ignominy 
of being botanists, had nothing to their discredit; yet if they can 
not be termed the unknown soldiers, at least they are the unre- 
membered soldiers, of genetics. Why? Is the growth of science 
essentially so slow and so continuous that our attention is attracted 
only by a sudden showy change, which, like the bursting of a 
chrysalis, is merely the sequel to something of more importance 
which went before? Or, does a particular piece of work, such as 
that of Gregor Mendel—or rather Johann Mendel, to give him his 
correct name, have a value per se which transcends the others com- 
pletely? Probably both questions should have affirmative answers. 
I think that all too often the unknown private deserves a consider- 
erable part of the credit usually given to the colonels and generals 
and chiefs of staff; but in this particular case, there is evidence of 
a real value to Mendel’s contribution which puts it in a separate 
class. In this array of names are competent men, who worked hard 
and intelligently, who made discovery after discovery ; but it would 
have made little difference to twentieth-century genetics if they 
had been tailors or bricklayers instead of plant-hybridizers. I 
think we need not lack in respect for every one of them if we say 
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frankly that they did not deliver the same class of goods. Mende! 
was familiar with the results of the earlier researches throug 
Gartner’s huge compendium of investigations on plant hybrids 
and he had read both Nageli’s paper on hybridization and Wich ira’s 
account of inheritance in the willows which appeared in the sam, 
year as his own work. There is no evidence of his knowledge 
investigations of the French horticulturists of the period, Vilmori 
Carriére, Godron and Naudin; but had he known them thoroug! 
he would have been under no necessity of modifying the staten ae 
in the preface of his paper, wherein is shown more clearly perha; 
than in any other place his grasp of the essential requirement 
science. He says: 

Those who survey the work done in this department will arriy 
conviction that among all the numerous experiments made, not on 
carried out to such an extent and in such a way as to make it po 
determine the number of different forms under which the offspring 
hybrids appear, or to arrange these forms with certainty according 
separate generations, or definitely to ascertain their statistical relat 

Morphology, or rather the part of morphology concerned 
cell development and in particular with germ-cell developn 
not in the same case as experimental breeding. The 
had not only one great paper in the latter half of the 
century—it had fifty, each of which gave real insight into t 
ject. In fact, by 1895, knowledge of the cell was almost 
advanced as it is to-day. It is doubtful whether even 
which flooded from the pedigree-culture work between 1 
1912 were either so numerous or so valuable to general biolog 
progress as were those discovered by cytologists between 1577 
1887. The mere mention of names like Van Beneden, | 
Fleming, Oskar Hertwig, Strasburger and Boveri, is sufficier 
eall to mind what master craftsman flourished in those days 
man could take their papers and point out that they had fail 
avail themselves of the possibilities of the method of attack 
In so far as the method had possibilities, they were tur! 
account. 

Of demographic mathematies, the third type of work 
genetics directly, less can be said. On the purely mat 
side, the theory of probabilities, which, during the last tw 
has been found to be of such great value in solving biolog 
lems, had long been developed far beyond the immediate | 
biologists or their ability to apply it. Such application 
throughout this period was largely as a means of gril 
various conclusions from human vital statistics; and 


were used by economists and by life insurance actual 
than by biologists. I doubt whether any attempt had | 





MENDEL AND GALTON 229 


apply the method to the solution of fundamental biological prob- 
lems before the efforts of Mendel and Galton, although Quételet did 
use it in certain special anthropological researches. 

This being the state of affairs at the time, can one by its con 
sideration draw any helpful conclusions as to the degree of success 
or failure attending the efforts of the various workers involved ? 
Such an attempt, I believe, is not altogether hopeless or wholly 
worthless. It is the type of introspection which every investigator 
ought to turn to now and then for the good of his own researches. 

Let us assume the present stage of genetic thought to have been 
reached by a single extended and inclusive investigation, and that 
the technical requirements of this investigation can be determined 
by the simple biblical rule of judging the tree by its fruits. Having 
found these requirements, we can apply them as a yardstick to the 
actual investigations of the past and present. Without wishing 
to be dogmatic in the matter, I find them to be four in number. 
This is on the assumption that there will be no disagreement from 
the conclusion that science advances most rapidly by the use of 
the inductive method. They are: (1) the development of worthy 
laboratory methods, (2) the control of extraneous variables, (3) 
the determination of quantitative relations between the phenomena 
studied, and (4) the translation of the results into useful terms. 
The first three requirements are self-explanatory. By the fourth, 
[ mean to say that science must have adequate shorthand formule 
by which extensive data can be expressed concisely, and that these 
formule must in turn be easily transformed into the everyday 
language of perception. Mendel’s own system is a good illustra- 
tion. Perhaps, like Archimedes, one also needs a fulerum on which 
to rest his lever. It seems to me that many a piece of investigation 
fails to achieve the result which might well have been expected 
from its general conception and execution, because it begins in 
the middle of a complex problem and therefore has not the proper 
background of knowledge to carry it through. It tries to solve 
the eryptogram by taking a small sample from well toward the end. 
It usually works out much better to begin at the beginning, or at 
least where the other fellow left off. 

Nothing novel is presented in this particular segregation of 
science essentials, and probably it is not so good a division as 
others could devise, but I believe that by keeping even this make- 
shift in mind, one can see rather clearly where the various con- 
tributions under discussion belong in the general scheme of things. 
It also gives one the opportunity of making a fair guess as to why 
Mendel’s paper, which was in its way a model in form, remained 
with uncut pages for 35 years. He himself was fond of cheering 
his spirits by exclaiming ‘‘Meine Zeit wird schon kommen,’ but 
unfortunately it did not come until 16 years after his death. 
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Let us first endeavor to visualize the trend of thought during 
this period. There is first the host of hybridizers. Mende! to 
care of them in the sentence quoted. Without a proper backgroy 
of facts, they had tried to solve these genetic problems hay 
greatest complexity. They had gone in for generic crosses } 
preference, and for species crosses by compulsion. Apparent! . 
never entered their minds to make a cross between two nearh 
related varieties in order to simplify the complexity of the pr b 
lem. They had the simple technique necessary for the particula: 
mode of attack used; but they made no attempt either to eliminat 
controllable variables, to determine precisely the relation betwee; 
the facts observed, or to reduce their discoveries to a system useful 
for predicting the consequences of like causes. 

Turn now to the work of the cytologists. Naturally, in 186) 
what we now accept as the fundamental facts were practically w 
known. Only 15 years before botanists had been staging a batt 
royal on the subject of whether Schleiden’s erroneous ideas regard 
ing fertilization were true. The literature on the female gamet 
phyte begins with Hofmeister in 1858. Real knowledge 
male gametophyte dates from Strasburger’s paper on cell-1 
tion and cell-division in 1877. The actual cells concern 
fertilization of the higher plants were not described clearly unt 
1884. And the zoologists were no more clairvoyant than t! 
botanists. Virchow did not develop the theory of cell continuit 
until 1858, and his papers, as is usual with new ideas, provoke 
attempts at scientific sabotage for a decade after that time. 
tilization of the egg by one spermatozoon awaited the demonst: 
tion made by. Oskar Hertwig in 1875. The identification of t! 
cell nucleus as the most important vehicle of inheritance, thoug 
suggested by Haeckel in 1866, was not made until it was emp! 
sized to the world by the independent investigations of Stras 
ger, Hertwig, Kélliker and Weismann in 1884; and the reduct 
division of the chromosomes was not shown clearly until the 4] 
pearance of Boveri’s work on Ascaris in 1887. The genera! 
stancy of chromosome number, their individuality in 
shape, and the details of their behavior during maturation 
fertilization did not come until well within the limits of the present 
generation. 

But one must not be blinded by this course of events. Mendel: 
paper shows a clear grasp of the gross facts of fertilization, and 
those gross facts were sufficient for his needs. Furthermore 
though, the cytological details which would have made it easy fo! 
others to grasp the full significance of the paper were not availab! 
until the second decade after publication, it must be remembered 


fear these 


that recognition of his work did not come until 15 years ait 
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details were common knowledge. For these reasons I can not be 
lieve that it is correct to account for the peculiar neglect of 
Mendel’s work by assuming it to be ahead of the biological know/ 


edge of the time. 

Let us look a little closer at the problem. Cytology has been 
said to be the statics, and controlled breeding the dynamics, of 
venetics. Perhaps there is enough truth in this analogy to show a 
slight difference in point of view, but even this is doubtful: they 
are both statical in nature, and differ most in the limitations im 
posed by the mode of attack. For example, if one were to take all 
of the facts discovered by pedigree culture work, he could infer a 
certain organization and mechanics of operation in the germ-cells; 
if, on the other hand, one were to correlate properly all the dis- 
eoveries of cytology, he could draw rather accurate conclusions 
regarding the actual transmission of characters. Genetics could 
not have developed as it has without both points of view, however, 
for a priori possibilities, unless tested, have no essential value. 
But granting this to be the truth, even the most ardent cytologist 
will admit that from the broad point of view of general genetics, 
his calling has its defects. It has a beautiful technique; but the 
very fact that the laboratory methods are so refined makes it diffi 
eult to eliminate the obscuring influence of extraneous variables 
by the very commonplace contrivance of investigating large quan 
tities of material under controlled conditions. Again, it is prac 
tically impossible, due to the nature of the method, to investigate 
material in such a way as to obtain an adequate statistical repre 
sentation of the facts which will permit verifiable predictions to be 
made. One does not decry cytology in making this statement. 
Cytology deserves the highest respect. But it is necessary to point 
out the inherent difficulties under which the cytologist works, diffi- 
culties which make his accomplishments so much more to be 
acclaimed. He was in much the same predicament which 
one might imagine would be the plight of a group of schol- 
arly Martians who found a stranded aeroplane out of gaso- 
line. Using the best method under the circumstances—the 
cytological method—they would dissect the strange visitor 
carefully, and make the most minutely accurate drawings of 
the various parts. They would then speculate on the use of 
each part, and finally form a hypothesis on the value and 
use of the apparition as a whole. This procedure would be per- 
feetly proper. Without it, they would probably be in a quandary 
to know what to do with the can of gasoline dropped overboard 
by the unfortunate birdman and finally found by a young Martian 
piscatorial expert at the bottom of a canal ten miles away. With 
it, the gasoline would be poured in the tank, and the hypothesis 
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tested forthwith. Now my belief is that Mendel found the can of 
gasoline and by his own method of reasoning knew what to do with 
it. But after stealing in at night and making the apparatus run 
his fellow-countrymen were not able to understand his aecoun} 
the machine, because the method of dealing with it was so for: 
to their own experience. 

I am speaking absolutely seriously. It will not do to attribute 
the plight of Mendel’s researches to the limited circulation 0} 
Briinn journal, for it was received by all the various universities 
of Germany and by many foreign libraries. It was due to a diffe; 
ent cause, the inability of the biological mind to adapt itself q 
to an experience it had not had before. Mendel was not r¢ 
biologist though he investigated the heredity of both plants 
animals—you will remember that he worked with bees as wi 
peas, though the records of his experiments with the honey-mak 
have never been found. Biology was one of his numerous ay 
tions, like playing chess, organizing fire brigades, running | 
and fighting government taxes. He was really a physicist. 
brought to one of the great problems of biology the attitu 
mind and the quantitative method of attack which had been 
for some time by physicists and by astronomers, and wh 
just coming to be used more widely by chemists. It was a 
known language to biology, though it fulfilled the essentia 
quirements of scientific research better than anything which 
gone before; and it came to biology at a time when those who 
endeavoring to investigate inheritance by means of hybridiza 
were not prepared for their task, and thirty years before t 
sults of the slow-going cytological method of attack had prog: 
so far as to permit the formulation of a well-rounded hypot 
near enough to the truth to make it possible to outline the | 
to be verified and to make recognizable a plan of verificat 
Great as was the advance in cytological genetics during the | 
half of the nineteenth century one can not imagine an appreciat 
of the Mendelian type of work by any of the investigators. 
minds were too carefully focussed on the individual fact. E 
Darwin or Galton would have seen the truth clearly; but 
Darwin and Galton were amateurs who were not trammelr 
professional connection with the guild of biologists. 

One finds additional reasons for accepting the point o! 
that it was the method which made Mendel’s paper great, a1 
novelty of the method which made it unappreciated, if he s' 
carefully the generalized hypotheses on the subject of heredi 
during the nineteenth century. Really one does not need f 
demonstration if he has followed genetics from the time it pass 
out of the larval stage in 1900, and has seen how many of 


5 
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sume we are exhibiting a fine degree of super-scientific criticism 
instead of mere stupidity when we adopt the agnostic attitude 
toward novel genetic methods and newly discovered facts. But 
the pernicious influence of abstract theories on the mind, the 
uctive way in which such theories lead away from reality, is 


sed 
worthy of a word on its own account. 

Paucity of facts did not prevent the author of yesterday from 
putting forth theories of heredity by the score. One has only to 
examine some of the huge tomes on heredity of 30 or 40 years ago 
Nageli’s ‘‘Abstammungslehre”’ is a good instance—to realize that 
lack of knowledge was even an aid to the publishing business. 
Nigeli was able to write whole chapters on certain subjects mani- 
festly because he had absolutely no information on them. 

Each and all, these theories were as one in using mechanical 
interpretations which postulated active ultra-microscopie living 
units endowed by their creators with various qualities. No doubt 
this was just and proper. Such concepts have been found useful 
in various branches of science, and have been retained in the cur- 
rent theories of heredity. I only wish to point out that many of 
the hypotheses, described in such fanciful detail, have been hin- 
drances rather than helps. If each of us were asked privately to 
state the object of scientific hypotheses, we should probably say, 
‘‘to help formulate tests by which various assumptions can be jus- 
tified or refuted.’’ But publicly, in the class-room, and in the 
ournal, we are very likely to become enamored of a well-presented 
hypothesis which does not stimulate research a whit, just because 
we are beguiled by its plausibility. Certainly a great many of the 
points discussed at great length by these early geneticists do not 
fit any better into a scientific discussion than would Cotton Mather’s 
disquisition on the number of angels who could deploy on the 
point of a pin. 

Recall Darwin’s provisional hypothesis of pangenesis, as he 
termed it, proposed in 1868. His units were the gemmules, which 
were being given off constantly by every cell, including the germ 
cells. That was virtually all there was to it, though it was pro- 
pounded as a theory of heredity. In reality it was a prop, and a 
very weak one, to the theory of evolution. Darwin postulated this 
brisk inter-cellular trade in gemmules in order to show the literal- 
souled biologist how acquired characters might be transmitted. 
On the assumption that somatic modifications are not inherited, it 
was unnecessary. With the latter view, the cells might just as 
well have been insulated from each other as thoroughly as the 
Wires in a telephone cable. Though it be sacrilege to say it, this 
was not the type of production to be expected from the author of 
the “Origin of Species.’’ Apparently it stimulated but one ex- 





234 THE SCIENTIFIC MONTHLY 


periment, Galton’s blood transfusion experiment, which we | 
know could have told him nothing one way or the other. It ae: 
rather like Aaron’s rod, with ink gushing out in place of 
and this effect was not for the good of science. 
The most notable among the various modifications of this ty, 
of theory was that of DeVries, published in 1889. Here the * 
puscles, which he called the pangens, represented potent 
mentary body characters rather than cell qualities, and 
verse of their activity was the cell rather than the body. DeVr 
theory, perhaps, was some small philosophical advance over tha 
Darwin, but neither was a real working hypothesis in which ; 
possible mode of hereditary transmission was outlined in such 
manner that the biological student was led to make experiment 
tests of the postulates involved. No doubt general evolutiona 
thought was somewhat clarified by their introduction 
literature of the day, but they stimulated words rather tha: 
Nigeli’s ‘‘Abstammungslehre,’’ which appeared in 1884 
been credited with being the first theory of heredity endowe 
qualities calculated to induce research. But was it suc! 
Nageli proposed to distinguish two kinds of protoplas: 
of physiological units, the micelle; the one was wholly 
in funetion and required no special architecture; the ot 
idioplasm, was a structure of elaborate constitution built 
micelle representing the potential characters of the org 
ean find nothing more in Nageli’s work, and it took him 822 
to say this. Here was a man to whom Mendel had writte1 
about his work during the years between 1866 and 1573 
who had contributed notable papers to botany on subjects rai 
from the form of the starch grain to hybridization, a man w 
discoursed at such length on chemistry and physies that one 
suppose him to have had the greatest sympathy for the highes 
type of useful quantitative work; but he devotes absolutely 
time or energy to discussing the one paper which might have sh 
him a way out of the wilderness in which he found himself. W 
this science? I do not believe it was. It may have been only | 
garrulity of senility, it may have been philosophy, but it cert 
was not science. There is no evidence whatever that it stimulat 
a single investigation or was the source of a single discovery. But 
Nigeli was no worse than the other theorists of his time. T! 
three hypotheses mentioned are fair samples of some twenty 
thirty which were proclaimed to the world during the last half 
the nineteenth century. They have been cited only because th 
show, as nothing less concrete will show, where the unreal leads 
The obverse of the medal can be illustrated by Weisman! 
presentation of the subject. 
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In Weismann’s theory, the idioplasm, or germplasm, was iden- 
tified with the chromatin of the nucleus. The ultimate living unit, 
the biophore, was a kind of biological atom active in building up 
organic characters. They grouped themselves together into de- 
terminates which controlled the specialization of cells. The various 
determinants of an organism made up the ids contributed by past 
generations. The ids might be one or many; and where more than 
one might differ slightly among themselves, thus providing for 
variation within a species. The ids formed the chromosomes or 
idants by arrangement in a linear series. 

These postulates seem simple enough and not unlike those of 
earlier theories, but the way Weismann reasoned in endowing his 
corpuscles with qualities was a distinct advance. It was made 
possible by his thorough knowledge of embryology in which he had 
previously made notable contributions. 

Denying the inheritance of acquired characters, and doing 
much toward demolishing the fallacious logic put forth as proof at 
that time by adherents in the belief, Weismann outlined a very 
stimulating conception of heredity on this basis. The immortal 
germplasm was assumed to be set apart at a very early cell division 
and passed along unchanged to the next generation, except as the 
activities of the living units produced occasional changes in its 
constitution. A provision for accurate equational division of the 
chromosomes and their reduction in number at the maturation of 
the germ cells was thus demanded, predicted and afterward real- 
ized—though not precisely in the way he supposed—by discoveries 
in the field of cytology. 

Weismann further accounted in part for evolution by a se- 
lective struggle between the determinants of the germ cells, and 
for individual development by a qualitative distribution of the de- 
terminants of those cells set apart to build up the bodies which 
were to act as hostelries for the immortal germplasm. 

No matter what views one holds as to the precise amount of 
truth contained in Weismann’s generalization, it is obvious that it 
is very different from the others mentioned. Many geneticists be- 
lieve the modern theory to be the outgrowth of Weismann’s ideas. 
Wilson says he brought ‘‘the cell theory and the evolution theory 
into organic connection.’’ Morgan credits him with the basis of the 
present attempt to interpret heredity in terms of the cell, in that 
he suggested three of the principles used in this interpretation. Be 
this as it may, there is no doubt but that Weismann was the first to 
utilize all the facts at his command, and to utilize them very in- 
geniously, in building up a theory of heredity, which, whether true 
or not, had numerous points that could be tested by experiment. 
In my opinion, it is by this criterion of ultimate usefulness and not 
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by any analysis of its content of reality, that its greatness shoyld 
be measured. 

This presentation of nineteenth century genetic work 
sarily having been very sketchy, no apology need be mad 
summing up the points of the thesis involved. Mendel initiat 
method whereby the elementary quantitative relationship | 
hereditary phenomena could be tested and retested, and expr 
his results in an algebraic notation of greatest usefulness. He : 
supplied to genetics an essential methodological requirement w! 
it previously had lacked. The significance of his offering 
apparent; but the history of both genetic research and 
theory show that biology was not ready for such a profound ec} 
at the time. The investigators were satisfied with defective met! 
because they were yielding important results, and were capabl 
continuing to yield important results up to a certain point 
those who theorized, not realizing the defects of the current met 
of research, wandered about aimlessly in the universe of t! 
real. Obviously, if one is.to find a clear exposition of g 
thought anywhere, it should be in the generalized th: 
heredity. Taking them in the order of their issue, there | 
be a history of the development of this thought. And it see: 
me that they show clearly that previous to 1890, biology y 
prepared for the quantitative method of physics and chemistr 
yet this method was a prerequisite for continued progress. Le: 
put the matter in another way, for the sake of emphasis 
older methods of genetic research were inadequate, the breeding 
work because the workers did not know how to use their too! 
the cytological work because the workers lacked the prope: 
Nevertheless, they made progress. They built slowly but 
an edifice that future generations may well admire, much 
laborers of ancient Egypt built the pyramids. Finally, ther 
rived the point when a man like Weismann could piece toget! 
well-rounded theory of heredity based almost wholly on this 
logical evidence, which was testable by experiment. But fo 
tests required a new method was necessary, and this method 
not forthcoming until the discovery of Mendel’s long-forgott 
paper. From that time onward, genetics entered a new era. 

Properly, this paper should come to an end at this point 
I ean not stop without delaying a moment to pay a passing t! 
to Francis Galton, even though I realize that Dr. Harris wil! 
full justice to his memory. Galton, as mentioned before, was 
of the few of Mendel’s contemporaries who would have appre 
his work. He was a kindred soul to Mendel, a brilliant amat 
interested in everything; and but for a matter of mere chance 
probably would have reached the same goal. The matter of | 


~ 


shar 
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was the study of ancestors instead of descendants. It seems a 
minor point, but it turned out to be important. Thus the Fates 
play with mankind. Galton was a leader of thought in England ; 
he was no novice in biology; his capacity in mathematics was un- 
questionably great ; and he turned instinctively to experiment. If 
only this single slender thread had not obstructed his efforts, one 
ean well imagine how far he would have gone. But perhaps it is 
all for the best. Statistical theory needed Galton’s guiding hand. 
1t would not be the same to-day had it not received the quickening 


at 


touch of his genius. Peace be unto his name! 


THE BEARING OF MENDELISM ON THE 
ORIGIN OF SPECIES 


By Professor T. H. MORGAN 


COLUMBIA UNIVERSITY 


TUDENTS of genetics have often been challenged to state the 
S bearing of their work on the old controversy about the origin 
of species. If the challenge has often been allowed to go un- 
answered, it is not because geneticists failed to have an inkling 
that their results might, in the end, have a significant bearing on 
this question. but rather because they recognized the need of first 
putting their house in order. The futility of attempting to arrive 
at any reliable conclusion concerning the origin of new types until 
something more was known about heredity had become only too 
manifest during the debates of the latter half of the last century. 
It required no subtlety on the part of geneticists to see that only 
those characters can take part in the process of evolution that are 
inherited. It seemed to follow that it would be better to find out 
what characters are inherited and how they are inherited before 
the controversy could be continued profitably. 

Geneticists do not make any claim to have solved the problem 


‘ 


of the ‘origin of species.’’ I am afraid to ‘‘protest too much,”’ 
for fear that you may conclude that we really do think so. We 
can (and we know that we can) furnish certain evidence—im- 
portant evidence, we believe—that bears on the origin and mode 
of inheritance of new types. It is this evidence that I am going 
to consider to-day. How far these new types furnish the varia- 
tions that make new species may depend on what we call ‘‘species.”’ 
If, as some systematists frankly state, species are arbitrary colleec- 
tions of individuals assembled for the purposes of classification ; or 
if, as other systematists admit, there are all kinds of species both 
i nature and in books, it would be absurd for us to pretend to be 
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able to say how such arbitrary groups have arisen. It is possible 
that some of them may not have arisen at all—they may have on! 
been brought together by taxonomists. 

I am not criticizing the taxonomists, but I am letting you ky 
that I know that we are embarked for the next quarter of a: 
on a hazardous undertaking. 

I am not sure, moreover, how far students of taxonomy wa 
help. They suspect us a little, bearing gifts. I am not sur 
what they could make of our conclusions if they accept: 

The systematist may be quite right in following his own 

of arranging the animals and plants living on the globe to 
may be quite content to allow the geneticists to make a d 
arrangement. Neither is quite decided at present whether 

to let the other alone. However, there should be no quarre! 
tween us! On the contrary, I have never failed to find 
have innumerable points of contact. I am of the opinion t! 
can be of mutual assistance, and I sincerely hope the syste 
present will agree in this pious wish. 

The modus vivendi that I suggested a moment ago see! 
to have its points. Is it not possible that the kind of class 
the taxonomist needs for purposes of identification may 
different from the classification that the evolutionist needs to 
cate lines of descent or of relationship? Is it not possible that t! 
geneticist may need still another classification to indicate 
many genes certain types have in common and in how mar 
differ? Each of us might, if he wished, erect a species defi 
of his own, and each would be within his rights in forming s 
definition. Whether it would be desirable for the evolutionist 
the word ‘‘species,’’ that tradition has assigned to the systemat 
is a question for the evolutionist to decide; but, as I have said, 

a perilous adventure for a geneticist to attempt to interpret th: 
historical species in terms of genes. It may also be a work 
supererogation. 

Hence, whenever I refer to species, in what I am about 1 
it is very probable that I shall sometimes use the word 
vague implications—much in the same sense in which 
used it; but when sharply defined issues are at stake [| shall t 
remember to use other words. 


ANIMALS AND PLANTS UNDER DOMESTICATION 


Darwin’s largest single contribution to the origin o! 
grew out of his observations and experiments on ‘‘ Animals 
plants under domestication.’’ Here also is the field 
modern genetics has reaped an abundant harvest. Taken ! 
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the results have strengthened Darwin’s thesis that by artificial 
selection man has brought about those adaptations to his needs, 
or to his fancy, that our domesticated products show. Granting 
that some of the variety shown by cultivated plants and domes 
tieated animals has also been obtained by outcrossing with different 
wild races, there still remains a good deal that appears to have 


arisen by the selection of new mutant characters that have ap- 


neared under domestication. It is seldom possible to tell whether 
a variation was obtained by outcrossing, or by mutation; but, if, 
as I shall try to show, the heritable differences that distinguish 
wild types and races also represent mutant changes in the germ- 
material, then it makes practically little difference whether new 
characters arise in nature (and are later incrossed), or under do- 
mestication (and then inbred). 

The evidence that all heritable variations may have had the 
same kind of origin rests on the following facts and argument: 
We have found that the mutant types that appear in our cultures 
follow Mendel’s laws of inheritance; practically all the character 
differences of domesticated races also fall under these same laws; 
it ean scarcely be questioned, therefore, that we are dealing in 
both cases with mutant characters. 

There are also records of mutants appearing under nature that 
have been found to follow Mendel’s laws. There are also cases 
in which wild varieties, differing from each other in distinct char- 
acters, have been shown, when crossed, to come under the same laws. 

This accumulated evidence speaks strongly in favor of mutants 
as furnishing the basis for artificial selection, regardless as to 
whether the mutants have appeared under cultivation or in nature 

Darwin knew about mutants, calling them sports; and, as every 
one knows, he rejected sports as furnishing the kind of steps that 
the evolution of species seemed to call for; because, he said, such 
gross modifications of particular parts of the body as are seen in 
sports could rarely be adaptive. Only by small changes in a great 
many parts could arise those interrelations of parts necessary for 
survival, 

To-day we agree with Darwin that such extreme variations as 
those he called sports would rarely, if ever, have contributed to 
the formation of new types in nature. But we also know that 
minute differences also arise as mutants, and that these are in- 
herited in the same way as are the larger mutant changes. It is also 
now clear that these smaller mutant variations must be those small 
heritable variations that Darwin himself appealed to as furnish- 
ing the materials for organic evolution. In these respects we have 
made great advances in knowledge since Darwin wrote; and I 
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doubt if a single geneticist familiar with the evidence at first ha) 
will hesitate to make this substitution. We have learned to dist ™ 
guish between those individual differences due to the environm, 
(that are not inherited) and those that arise as mutations (tha: 
inherited). Superficially there is no way of telling one fron 
other, since they overlap and involve the same changes in the gay 
characters. But by pedigree work the essential difference can 
made evident, as Johannsen demonstrated in 1909. 

What was not entirely clear, when Darwin wrote, has | 
straight. This is one of the most notable advances in the sty 
variation since the publication of the ‘‘Origin of Species.’ 
MULTIPLE EFFECTs OF SINGLE CHANGES IN THE GERMINAL-MATER 

We have also discovered another most significant fact 
those changes in the germinal material that produce mutant 
acters. It has been found that a single change in one gen 
affects the animal or plant in more than one way; sometimes 
many parts of the body. Even very different kinds of organs 
often affected by the single change. Students of genet 
known for some time that the so-called unit character is 
one that may have been excusable in the earlier stages of 
but one no longer tenable or desirable. To-day we 
with many cases that show the multiple effects of a single 
in the germ-material. 

It is true that we still find it convenient to single out t 
of the gene that is sharpest, most easily observed a: 
venient in the separation of Mendelian classes. We ofte: 
this particular effect as the single result of an alterat 


germ-material; but no practical geneticist forgets t! 
many other effects are also produced by the same muta 
DeVries laid emphasis on this point. He regarded 
change as one that affects the individual in every part 
elementary species out of it, he said. I think de Vries’ vie 
nearer to what we actually find, when mutants appear, t 


view that over-emphasizes unit-characters. 

If, then, as I have just said, we pick out a superficial efi 
the mutant change, as the symbol of that change, we do so 
we can most easily follow its course in heredity. We 
rule other subsidiary changes in the organism, such as t! 
volving physiological processes; but the literature 1s 
cidental references to such subsidiary effects. Pearl’s recent s 
of the length of life of mutant races open up a new fi 
tigation in which the physiological by-effects of superfi 
characters probably play an important rdéle. It need 
argued, I suppose, that slight changes in the physiolog 
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of a character of a species are those that most nearly affect its 


ehances for survival. | think it would be rational to take for 


nlaved the most important role in evolution. Now reverse the 


roument! If beneficial mutant changes, involving physiological 


changes, also often affect superficial parts, it is the latter, being 
visible. that might be chosen as the mark of the species. Here we 
may find an answer, I think, to the old riddle, that while natural 
selection is supposed to produce new species by the selection « 

variations essential to the life of the species, our definitions of 
ies are based almost always on trivial, superficial characters 

‘e, so far as known, no survival value. 

In other words, the systematist has followed the same course 
as the geneticist. He has chosen superficial differences as the dis 
tinguishing marks of his species—he has not been concerned with 
the characters that have in reality created the species. 

If, then, physiological changes have most often been the basis 
of natural selection, it follows that we may get into an inextricable 
tangle, if, taking the systematist’s definition of species, we attempt 
to harmonize such a definition with physiological differences be 
tween species to which the taxonomic definition has only a second- 
ary relation. I am inclined to think that a good deal of unneces- 


sary worry can be traced to this source. 
LOssEs OF CHARACTERS AND ABSENCES IN THE GERMINAL MATERIALS 


Within the ranks of geneticists themselves doubts have some 
times been expressed as to whether any, even the smallest, of the 
mutational changes that we study are of such a kind that they could 
produce the advances in complexity that evolution is supposed to 
demand. I shall not try to avoid this issue by pointing out that 
evolution is also sometimes backward as we say, i. e., towards sim- 
plifieation. It may be conceded at once that many, perhaps nearly 
all, of the mutant types, that appear in our cultures, show not only 
deficiencies and losses of characters, but even that most of them 
could not possibly have any significance for progressive evolution. 
These admissions do not exhaust the subject by a long shot. 

Let us look a little deeper into the situation. No one doubts 
that each animal and plant is adjusted in a great number of ways 
to the complex environment in which it lives. We can imagine 
hundreds of changes in any animal, but it is difficult to suggest one 
that would certainly be an improvement, when all the many sides 
of its existence are taken into account. Is it not clear, then, that 
almost every random change must be a disadvantageous one? This 
is what we actually observe when a new modification of an old 
character takes place. But note! Among the multifarious possible 


Vol. XVI.—16 
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changes there may be one that is an improvement, in the 
that the new animal is better adapted to the old environmen: 
that it can better adjust itself to a slightly different one. Thi 
sibility suffices for natural selection. 

In the limited range of our personal experience it is not 
expected that the mutations we find would be advantageous 
but when we consider the vast number of individuals that 
up a species, the supposed difficulty does not appear insuper 

Bateson, who has emphasized the fact that most mutant cha: 


are losses and deficiencies, draws the conclusion that loss 
character means loss also in the germ-material. If it wer 

as he supposes, that loss of character is to be interpreted to mear 
that something has also dropped out of the germ-material, t 
think we might begin to look elsewhere for the materials of evoly 
tion, for I ean not follow Bateson in his suggestion that evo] 
may only mean a succession of losses. I believe the premise 


wrong.’ Again, when we look at this question of losses in chara 
ter from the point of view of embryology, it is not in the least 
prising that almost any kind of change in the germ-mater 

bring about defects in character. If each character is 

result of a long series of developmental (embryonic) stages 

lows that almost any alteration at the start will be expected te 
make less perfect the end result, for less perfect here means onl) 
something different. This I take it is what most often happens 

It also seems to me quite illogical to infer that because a chang: 
in the germ-material may bring about a defect in the developmenta! 
process, this change in the character is to be interpreted as a loss 
from the germ-material. Such a conclusion seems not only un: 
essary, but, what is more important, it is in flat contradic 
the only critical evidence that we have bearing on this 
I mean the evidence from the order of appearance of the 
allelomorphs of Drosophila. 

Much also has been said concerning dominance and ree 
ness of mutant characters in relation to the characters of t 
species. Bateson has emphasized the fact that most mutants b 
as recessives to wild type characters. Hence he concludes that t! 

1In his Australian address in 1914 Bateson’s purpose was ft 
to what conclusion one is led on the assumption that mutations are 
if mutants are assumed to furnish the materials for evolution. In his 
address in 1921, on the other hand, Bateson appears to argue t 
tinctive differences between wild species are something added, and 
not the kind of variation about which genetics concerns itself. 

The argument advanced here in the text accepts neither alte: 
rests on the interpretation that a mutation need not represent 
germinal material, and that the differences between species 
mutant differences. 
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mutants do not seem to be the stuff from which wild species are 
made. Now, in the first place, while the statement that nearly all 
mutants are recessives may hold in certain cases such as Drosophila, 
vet there are other groups in which the number of dominant mu- 
tant characters is much in evidence. But the distinction itself 
between dominant and recessive is by no means so general as im- 
plied. Mendel described only nine pairs of characters, choosing 
those in which dominance is complete. To-day, we look upon these 
as rather extreme cases, not as the typical ones. We meet with 
many cases in which dominance is imperfect. The hybrid is inter- 
mediate between the two parental types, especially when all the 
different modifications of the pair of genes in question are taken 
into account. The same gene may, in fact, be dominant in one re- 
spect and recessive in another. When the hybrid is intermediate, 
it is often purely conventional which alternative is chosen as the 
dominant. The real point at issue—Mendel’s great discovery—is 
that genes separate cleanly in the germ-cells, even when the hybrid 
is intermediate. It befogs our problem, I think, to insist that dom- 
inance means complete dominance. With this sharp distinction 
done away with, the difficulty loses much of its apparent point. 


INFERTILITY BETWEEN SPECIES AND STERILITY OF THE SPECIEs- 
HyYBrip 

One of the oldest questions concerning the origin of species by 
the summation of individual differences is this—how has the infer- 
tility, commonly observed when species are crossed, arisen? No 
incipient infertility, it is said, can be observed when different breeds 
of domesticated animals are crossed. Darwin had to face this ques- 
tion, and met it in the only possible way that it could be met at that 
time. He pointed out that there is in reality no such sharp distine- 
tion as implied. He showed in a large number of cases that well- 
recognized species do cross, and that sometimes they even produce 
fertile offspring. 

Since Darwin’s time a great deal of work has been done by 
embryologists that bears on this relation. Every embryologist is 
familiar with the fact that sea urchins belonging to different genera 
and families can be cross fertilized. The early stages of develop- 
ment of the hybrids are often normal. It is only when the con- 
flicting processes that are induced by the inherited characters of 
the egg and sperm begin to crop up that difficulties set in. When 
we take into account the delicately balanced processes that each 
stage in embryonic development involves, it is not in the least sur- 
prising to find an incompatible situation when conflicting interests 
are brought together. 

Then again, in the higher plants mechanical and physical dif- 
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ferences may often account for the failure of the foreign poller 
tube to reach the egg. Similarly, in matings between two specie 
of animals there may be incompatible structures or respon 
When such matters as these are given sufficient weight it is 
going too far to claim that we are not dealing here with a sino 
fundamental difference, but rather with several different kinds 
processes that give like results. 

[t is true that new mutant types are fertile (if fertile at 
with the type from which they arise, because the single diffe: 
that distinguishes one from the other is a compatible differe: 
[f it were not, the new type would be lethal. When, however, t 
types have been separated for a sufficiently long time, differ 


may be supposed to arise in one, or in both, that are incom; 
in fertilization or in development. This seems to me to co\ 


ease from a theoretical point of view. 

Even the infertility often observed between the pollen a: 
ovules of the same plant is now in a fair way of being explained 
The recent work of Correns,-of East and of Compton has show 
that such kinds of infertility depend on the presence of on 
most a few, genetic differences. In such cases the failure 1 
tilize appears to rest on differences in the somatic tissue and 
on incompatibility of sperm and egg or on difficulties in en 
onic development. 

That infertility may arise as a consequence of genetic differ 
ences has been shown by the recent work of Jones on corn and t 
matoes. When pollen from one race was placed in competition wit 
pollen of other races that differed only in minor features it wa 
found that the plant’s own pollen was the more efficient, 
fertilized proportionately more ovules. The result may fairly 
interpreted as a case of incipient infertility in outerosses. We 
not know how frequently such a relation exists, because the prob! 
has been very little studied with critical standards. The essent 
conditions for such work are seldom realized. On the whole, t! 
is it not a little remarkable to find in the one case where the p1 
lem has been adequately examined that the outcome has 
positive ? 

Bateson has recently laid much emphasis on the sterility 
hybrids themselves in species-crosses as compared with the abse! 
of such sterility when mutant races are crossed. In the latter cas 
not only is there no incipient sterility in the F, offspring, but o 
the contrary the F, heterozygotes may, and often do, produce mo! 
offspring than do individuals of either parent race. 

Bateson has Jaid a great deal of emphasis on the importane 
this question for modern genetics. His studied wording of the 
quirements that would be necessary to demonstrate that 
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racial sterility had arisen in connection with mutation is wort! 
eareful consideration: ‘‘The production of an indubitably sterile 
hybrid from completely fertile parents, which have arisen under 
critical observation from a common origin’’—this ‘‘is the event 
for which we wait.’’ 

Bateson has made the conditions of demonstration extremely 
difficult. He postulates that ‘‘the event for which we wait’’ is one 
that must suddenly occur—as a mutation perhaps? If so, and if 
as seems to be probable in the case of other mutations, the expected 
change should occur in only one gene, it would by definition make 
sterile the animal that received this gene, and hence defeat any 
effort to prove its fertility. There are possible ways of escaping 
this dilemma, but these would detract from the generality of such 
origin of sterility. 

Suppose, in order to avoid the contradiction in terms just 
referred to, we ignore the probability that mutations take place 
in one gene at a time, and suppose that a single individual of the 
new type called for has appeared as a duplex mutant. The chances 
are very great that it would be lost before its value was appreciated 
for the simple reason that it would have to be crossed to the original 
from which it arose in order to get any offspring at all. It is with 
this type that it is by hypothesis expected to give sterile offspring. 
Only when several individuals of the new imaginary type arose at 
once, or as a bud sport, could a race be produced with which to 
properly test the question of sterility of mutant hybrids according 
to definition. These and other considerations raise the question 
as to whether the sterility of species hybrids may be of such a na 
ture that we are justified in insisting that they must arise under 
the conditions that Bateson postulates as essential. There is at 
any rate another side to the question which may throw some light 
on the situation from an entirely different angle. It is now well 
known that in those stages in the development of the germ-cells, 
that are concerned with the conjugation of the chromosomes, ir- 
regularities occur in the distribution of the chromosomes in 
species hybrids. As a consequence many or even all of the germ- 
cells are abnormal. Hence arises the sterility observed in such 
hybrids. In many cases these irregularities seem to be connected 
with differences in the parental numbers of chromosomes. Such 
a situation would not be expected to arise when mutation in a 
single gene has made one parent different from the other, but might 
be expected, if, due to doubling of the chromosomes of one of the 
parental gametes, there is produced a triploid individual. In fact, 
a disturbance, similar to that in species hybrids, has been described 
in some at least of the mutational triploids that have been exam- 
ined. It would, however, be a mistake, I think, to assume that 
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the sterility of all species hybrids is due to differences jp 
the parental chromosome numbers, although this may be ¢ 


he 


expectation when the numbers are different. There are other 
cases where the parental chromosomes are the same in numbe; 
and the species hybrid is sterile; hence, there may be still other kinds 
of differences that make conjugation of the chromosomes difficy); 
or impossible. One of the events for which I wait is the demo, 
stration of such differences that interfere with the conjugation 

the chromosomes and tend in consequence to produce sterility 


RECURRENT AND PARALLEL MUTANTS 


Finally, the demonstration that the same mutant types 1 
over and over again has opened up new points of view with inte: 
esting consequences. It has long been known, in a general wa} 
that the same kind of mutants reappear in the same species. 
are now beginning to get evidence from pedigree cultures that t! 
same types may occur in different species. At present there 
only two ways in which we can be sure that the latter are due t 
the same kind of change in each species. One way to prove t 
is by crossing the two mutants. If both mutant characteristics a 
recessive, and give the recessive when crossed, the proof is esta 
lished that they are identical mutants. Such a case has aris 
between the two species of Drosophila simulans and melanogast: 
Sturtevant has shown that there are thirteen mutants that are t 
same in both species. 

The other way of showing that two mutants arising in differer 
species are identical (isomorphs) is to find their linkage relat 
with respect to other mutants that also appear to be identical in t 
two species. This involves the possession of several such 
in both species, as well as a fairly complete knowledge of linkag 
groups in both. It may take several years before enough mater 
ean be brought together for a safe corclusion, but the outlook 
promising. 

If, then, it can be established beyond dispute that similarity 
even identity of the same character in different species is 
always to be interpreted to mean that both have arisen f 
common ancestor, the whole argument from comparative anatom, 
built upon the descent theory seems to tumble in ruins. This 
however, is only a first impression ; for, even if it be true that sor 
of the resemblances between species may be due to identical muts 
tional changes in the same gene, there remains the vast array 
other characters that the two species still retain in common. T! 
furnish the hint that the evolutionist needs to make probable his 
theory. 

Should it turn out to be true that a large number of similarities 


rs/\Y 
0 


PS 





MENDEL AND GALTON 247 


species are due to similar mutations in the same gene, then, in 


in 


future, the student of genetics will be more interested in detecting 
these identities than in taking account of the genes that have not 
vet produced new mutants. The evolutionist will be concerned 


with the genes that still remain unchanged because these will in- 
dicate a common ancestry. But, I think, he will be at his wit’s ends 
to exclude from his lists those similarities that are due to identical 
mutational changes. Lest you infer that I am letting this idea 
run away with me, I should like to add that we are also only too 
familiar with cases where mutations, in quite different genes, pro- 
duce effects that are so much alike that it takes a microscope to 
tell them apart—and even this may not suffice. Sometimes we even 
have to appeal to statistics to help us out. 

Nevertheless, the discovery that the same mutation happens over 
and over again, not only within the same species but in different 
species, is, I think, one of the most interesting discoveries in recent 
venetic work. It means that certain kinds of changes in the germ 
material are more likely to occur than are others. If we adopt the 
Galton metaphor of the equilibrium polygon, these changes might 
be interpreted to be the more stable conditions of the genes. Or, 
if we prefer to think of the change in the gene as a chemical event 
we can form a somewhat different picture to ourselves as to what 
happens. Whatsoever way we prefer to symbolize the recurrence 
of the same event in the same gene the significant feature remains 
the appearance of new variations in the hereditary material is 
something less a random process than we had hitherto supposed. 


GALTON AND MENDEL: THEIR CONTRIBU- 
TION TO GENETICS AND THEIR 
INFLUENCE ON BIOLOGY 


By Dr. J. ARTHUR HARRIS 
STATION FOR EXPERIMENTAL EVOLUTION, COLD SPRING HARBOR, 
LONG ISLAND 


I 

| prea GALTON and Gregor Mendel have much more in 
common than the mere incident of the identity of the years 
of their birth. Both men worked in advance of the science of their 
own generation. Both have influenced in a profound and far- 

reaching manner the science of subsequent generations. 
The fact that they have these common characteristics must not 
lead us too hastily to the conclusion that there is a detailed parallel- 
ism in their lives. Neither can the linking of the two names on the 
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same anniversary program be accepted as evidence that 


equal in intrinsic greatness or in their influence on scie 


merely invites us to take stock of the work that the two 
and the movements that they set under way, with a 
ciding—if as individuals we choose to do so—which has cont 
the most to the century which has passed and which 
offer in inspiration and guidance for the future. 

To this task we must turn in an effort to do the 
to both men, but with that scientific candor which sho 


? 


terize our attack on any problem. 


II 

Here lies our greatest difficulty. Scientific men are 
very human creatures. They fish in the same pools, wors! 
same shrines, and sometimes have that almost pardonable 
weakness of projecting haloes about a selected few of the 
figures in the development of their science which are suffi 
distant in time and obscure in actual personality. In se 
have no formally canonized saints. Nevertheless, we 
forget that we are to-day comparing two quite different 
we are contrasting Sir Francis with Saint Gregor. 

Here we reach our first point of contrast between Me 
Galton. Mendel must be viewed through the halo 
consciously but none the less definitely has been projected ab 
since the simultaneous rediscovery of the principles annow 
his one noteworthy contribution raised him from almost 
scurity to fame. Galton’s life is an open record.’ 

Mendel’s life has been so often and so minutely portrayed 
ascertainable details that it will be impossible to add anythir 
what is already familiar. Galton’s life was so rich and vari 
it will be impossible to do more in the few minutes granted t 
than to give a few illustrations of his achievements.” I s 
tempt merely to balance the two personalities against eac! 
leaving the decision as to the relative importance of their 


1So detailed is the available information that a well-know: 


has attempted to determine ‘‘the intelligence quotient of F 
childhood.’’ See L. M. Terman, Amer. Jour. Psychol., 28, 2 

2 The present paper is in no sense an attempt at an abr 
of Galton. I hope that it may stimulate the reader to read G 
ing ‘*Memories of My Life,’’ which will be as fascinating 
reader as to the professional biologist, and Karl Pearson’s mast 
raphy, ‘‘ Life, Letters and Labors of Francis Galton,’’ which must 
all time not merely the source of authoritative information concer 
Galton, but one of the most notable biographies of this century. 
to be hoped that the near future will see the completion of this « 
work, long delayed by war activities. 
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nd the relative significance of their influence on science 
rv here assembled. 
IT] 


A perusal of the mere facts of the lives of Galton and Mendel] 


nee raises, but unfortunately fails satisfactorily to answer 
the questions in which Galton had a sustained interest 


e 
ne ol 


of the relative importance of nature and nurture in dete 


ing the characteristies of the individual. Galton came of stock 


‘long proved intellectual power. Mendel’s more distant ancestry 


s hidden in obscurity, and there is no evidence of great intell 

| ability in the parental generation. Galton’s family could and 
did provide for him as a boy the best that the times afforded in 
intellectual discipline and inspiration. The beginnings of an edu 
eation were for Mendel a rare opportunity and bought at a saer 
fice to his family. Galton saw the world broadly, through his own 
eyes and through those of his friends—eminent in exploration, in 
science and in public life. Mendel’s outlook was always limited 
by the walls of a narrow geographical cloister. 

Yet both men have made great contributions to scientific ad 
vancement. 

If for a moment I may be permitted to show partiality, and to 
venture at interpretation as well as presentation of facts, I must 
confess that it seems to me that as an individual Mendel deserves 
the greater credit for his achievement. Nurture fed all that was 
best in Galton’s rich natural inheritance. Intellectual nurture 
was not lavished on Mendel. There may have been at one time 
real danger that Galton’s abilities would be sterilized by luxury. 
There was grave danger that Mendel’s abilities would never be of 
significance in scientific progress because of lack of opportunity. 

Fortunately neither of these misfortunes was realized. In 1847 
Mendel was ordained a priest, and in 1849 he was sent at the ex 
pense of his cloister to the University of Vienna, where he re 
mained until 1853. It was in the midst of this period, in 1849, 
that Galton suddenly ended ‘‘the fallow years’’ of his life, ceased 
sowing his wild oats, and turned again to the scientific studies 
which had fascinated him before his interests had been submerged 
in a life which for a time had been devoted too largely to reckless 
pleasure. 

IV 

We should not proceed further with our comparison without 
noting that neither of the men whose birth is to-day celebrated by 
the American Society of Naturalists was an avowed naturalist in 
the more classical sense of the term nor a professional biologist 
in its modern interpretation. 
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I have searched in vain through Galton’s accounts of his trayo 
for evidence of a compelling interest in the peculiarities 
plants and animals of the extensive region which he opened 
to geographical knowledge by his early explorations. He seep, 
never to have described a species, or even to have collected ¢] 
His name is represented in the literature of taxonomy only 
the South African genus Galtonia, of the French botanist Deca ane 
It is perhaps significant that as an explorer Galton’s 
ural history observation dealt not with the fascinating sype; 
ficial forms of the organisms which he encountered, but wit! 
mal and human behavior. 

Mendel may have been more under the influence of the 
of his own time. He wrote notes on Scoplia and Bruch 
student. He was apparently influenced to some extent by th: 
of other experimental breeders. His materials were at least | 
While his chief work was with plants he devoted much ene 
an attempted study of inheritance in bees. 

In so far as they considered living organisms the attit 
both Galton and Mendel was more like that of the modern 
than that of the earlier naturalist. 

[t is not difficult to establish this, to the complete 
of geneticists, for the Abbot Mendel’s greatest contribut 
on inheritance in peas, still stands as a model for much 
modern work in genetics. 

Because of the greater number and the wider scope of 
lications it is not so easy to pass upon the work of Galton. 
that many of the members of this audience are unawar 
wealth of Galton’s contributions. It will facilitate our subs 
discussion to detail a few of his activities. For the moment 
limit attention to those which have an immediate bearing on 1 
biology. His studies of finger prints laid the scientific fow 
for a widely applied means of penal and military identifi 
His early attempts to influence the character of the offspri: 
the transfusion of blood were essentially modern in thei! 
mental viewpoint. Anthropometric laboratories owe their 01 
his interest in human faculties and still profit by his early 
methods. His studies of the inheritance of physical and 
characters, given to the world over a half a century ag 
furnish, when coupled with an attempt at Mendelian analysis, th 
model for much of what passes for research in eugenics. Finall) 
his contributions to the application of mathematical method 
the biological field have had so great an influence that they ! 
be reserved for separate discussion in a later section. 





MENDEL AND GALTON 
Vv 

The suggestion will inevitably be offered that the work of 
Galton and Mendel was of the nature of modern biology rather 
than of the older natural history of their day because of the fact 
that their pioneer work determined to an appreciable degree the 
lines along which modern biology has evolved. 

Herein lies one of the most interesting points of comparison 
between Mendel and Galton, and one concerning which there will 
probably be little differences of opinion among the majority of this 
audience. 

To those who view the vast output of genetic investigation 
evident alike in our journals and in our scientific programs—there 
may seem no reasonable doubt that Mendel has had a more pro- 
found and far-reaching influence on biology than Galton. 

[ have no desire whatsoever to quarrel with the far superior 
numbers who hold this opinion. I would, however, like to have 
the facts candidly and judiciously examined. 

No one can deny that Mendel’s influence on biology—assuming 
for the sake of argument that the development of modern genetics 
is to be attributed largely to the influence of Mendel—is conspicu 
ous because of the fact that it has resulted in a narrow and highly 
unified field of work. Galton’s influence was much more varied. 

Let us for the moment disregard the broader aspects of biology 
and of scienee and limit our attention to the field of genetics, as 
it has been influenced by the work of Mendel. 

Has Mendel’s influence transcended or even equalled that of 
Galton ? 

Mendel had a relatively small and certainly only an ephemeral 
personal influence upon the biology or biologists of his time. His 
published work was, practically speaking, without influence on 
biology for three decades. Notwithstanding this fact a number 
of biologists were at the time of the ‘‘Rediscovery’’ more or less 
actively engaged in experimental breeding. Three have been recog- 
nized as co-rediscoverers, and others have been known to modestly 
lay claim to having been near the great honor. This widespread 
interest and activity in the experimental attack on the problems 
of what we to-day call genetics can not have been a matter of ac- 
cident. 

I venture to suggest that there were three groups of influences 
which determined these activities; the lingering interest in the 
studies of the earlier experimental breeders; the rapidly increasing 
economic importance of plant and animal breeding, and the per- 
sonal influence of Francis Galton and of his writings. 

Let us leave for the historian the decision as to which of these 
was the most important factor. It is sufficient for our purpose to 
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recall that while Mendel’s paper lay unheeded Galton’s 
influencing public opinion and scientific thought. His vo 
not stand with uncut pages. They were read and 

‘Hereditary Genius,’’ while foreshadowed by essays 

in the same year that Mendel’s paper was read, was first 
in 1869. An American edition was issued in 1870, and 
1891. <A revised English edition was prepared in 1892 

While ‘‘English Men of Science’’ might be assum: 
marily of national rather than of international interest. th 
lish edition of 1874 was followed by an American reprint 
His more technical volumes were issued in only one ed 
were widely read. They appealed to the more intelligent 
reader, and they influenced the thought of the spec 
volumes of Bateson and de Vries issued prior to the ‘‘ Red 
bear witness to their influence. Whitman’s personal 
‘*Natural Inheritance’’ bear evidence of intensive study. A per 
of the ‘‘Foundations of Zoology,’’ penned in part over 
of a century ago, shows clearly how great was the influe: 
ton on the thoughts of such a leader as W. K. Brooks. 

Nor was Galton’s influence limited to that of his ov 
Weldon’s earlier papers had appeared, and biology was 
to feel the influence of Karl Pearson’s pen. These were, t: 
largely independent, but they showed, and their authors g¢g 
admitted, Francis Galton’s friendly influence. 

Whether Galton and Pearson were wrong in regard t 
of heredity, or in their method of attack upon the proble: 
heritance, does not concern us here. The thing which is 
importance for our present consideration is that fact that 
the scientific world was ready to replace speculation on 
by inductive research. Some force or forces led to th 
changes in biological thought between 1866 and 1901. Cert 
these changes, which may have been greater than those wh 
taken place since Mendel’s work received recognition, w: 
to Mendel. I venture to express the conviction that amor 
forces one of the most powerful was the direct and in 
fluence of Francis Galton. 

It was no fault of Mendel that the circumstances of 
disecovery’’ and subsequent events have tended to obseu! 


3 Galton, F.: ‘‘ Hereditary talent and character,’’ Va 
157-166, 318-327, 1865. 

4An important prefatory chapter in this edition gives Galt 
sions of the activities of the twenty-three years which had « 
appearance of the original edition. 

5 While Brooks did not always agree with Galton, he wrot 
debt to Galton is great, and it is acknowledged with gratitude.’’ 
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The practically simultaneous announcements of 
Correns. Tschermak and de Vries, coupled with the discovery that 
Wendel had preceded them by three decades, made a spectacular 


fluence of Galton. 


se 


ng for the new field of experimentation 


a staging which was 
ther illuminated by Bateson’s controversial writings.’ 


Thus the circumstances of the ‘‘ Rediscovery’’ were such as to 
lace Mendel at once in the most conspicuous place on the bio- 
ogical stage. 

From 1869 when ‘‘ Hereditary Genius’’ appeared until 1889 
ven ‘‘Natural Inheritance’’ was given to the world and to 1901, 
which marked the founding of a special journal for the statistica 
vestigation of biological problems, Francis Galton had 
he professional and the lay mind foi 


heredity. 


prepa ret 


l 
l 


a dominant 


interest 
In 1901 the seed of the ‘‘ Rediscovery’ 


n 
’ fell in fertile 
snd well-tilled soil, and Mendel reaped where Galton and his co- 
workers had cleared and tilled. 


VI 
We have already considered in a preliminary way the influence 
of Galton and Mendel on genetics. Mendel’s direct influence has 
extended little beyond this one phase of biology. Galton’s work 
and influence in biology and in science were much broader. Few 
biologists realize their scoy 


pe, or their importance. 


Vil 
First of all, Galton early won recognition as an explorer. While 
Mendel was completing his studies at Vienna, Galton was travers- 
ng the land of the Namaquas, the Damaras and the Ovampo. 


His 
rail led him over a thousand miles into tropical Southwest Africa. 
[he regions which he traversed were mapped o 


y 
i 


1 the same plate 
hich gave to the world the geographical results of some of Living- 
ston’s explorations. 

[ 


t is our loss that we can not stay to review some of the 


fascina 
chapters of his ‘‘Tropical South Afriea,’’? a volume in which 


6 Those who know the history of biology in the quarter of a century now 
coming toward an end must realize that the simultaneous rediscovery of Men 
del’s principles by three different investigators lead to an emphasis upon the 
priority of Mendel’s work which would not have been laid if only one moré 


recent worker had observed the agreement between the frequencies of it 
g 1 


viduals of different classes in the segregated generation and those given by) 
permutation formule. 


London, Murray, 1853. 


‘Galton, F.: ‘‘The Narrative of an Explorer in Tropical South Africa,’ 
Lon The first edition was quickly exhausted, but a re 
rint, with a few changes, was issued in the Minerva Library of Famous 
Books in 1889. A valuable appendix, prepared by Mr. Galton, gives addi 
honal information of interest obtained during the thirty-six years which had 
elapsed since the preparation of the original volume. 
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the hardships and adventures of the twenty months of exploration 
are subordinated to serious observations on the peoples and their 
customs. 

Impaired health could not prevent Francis Galton from 
tributing to the advancement of geographical science, though jt 
lead him to decline the opportunities for further African explora 
tion. His editorship on ‘‘ Vacation Tourists’’ was of but shor 
duration, but the contents of the three volumes justified the editor’ 
suggestion that ‘‘scientific tours offer an endless variety of y 
sults.’’ His ‘‘Art of Travel,’ while in a sense a compilation, 
part from the literature and in part from the personal experie: 
of the great explorers of his time (with whom he was in inti 
association), is truly remarkable not merely in clearness, co: 
ness and comprehensiveness, but in conception. 

In evaluating the significance of his conception we must not 
forget that the volume was prepared at a time when the Roya 
Geographical Society was but twenty-five years old, when 


and when vast wildernesses, including much of our ow: 
domain, were open for colonization. Writing at this time—whiel 
was long before the acceptance of the idea that technical training 
might constitute a part of education—Galton wrote in his prefa 
to the second edition : 

I am convinced that the Art of Travel, or of campaigning, 
being taught, . .. It therefore seems to me, though I may per! 
sidered an enthusiast by many, that every intelligent youth who seeks 
mission in the army, or to become an emigrant, or a missionary, s 
his time and energy well spent in learning to use the axe, saw and « 
soil needle, the cobbler’s awl, the blacksmith’s hammer and the tins: 
soldering iron together with the greater part of the bush manufact 
makeshifts of which this volume treats. 


¢ 


That the volume fulfilled the necessary requisite of usefulness 
is perhaps evidenced by the several printings which have | 
issued. 


Vill 


Time will not permit a detailed discussion of Francis Galton s 
work in the physical sciences. His studies can not be 
the standards of physics and chemistry, for they have had 
insignificant influence upon the development of these sec 
Neither can his contributions be dismissed as the n 


; 


8 Galton, F.: ‘‘The Art of Travel; or Shifts and Contriva 
in Wild Countries,’’ London, Murray, 1855. Various subsequ 
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‘ngenious amateur. Practically without exception they indicate 
inventive efforts towards the practical application of physical prin- 
ciples in other sciences.” 

Among such studies we may read by title only his work on a 
hand heliostat for signaling on sea or land, his principle for the 


nrotection of riflemen, stereoscopic maps, spectacles for divers, 


the conversion of wind charts into passage charts for vessels of 
known sailing capacities, his work on a drill pantograph, instru 
ments for determining the upper limit of audible sound, composite 
portraits, photographic measurement of animals, and analytical 
photography. 

Galton’s work in the physical sciences was not characterized 
merely by inventive skill. He was keenly alive to the necessity for 
the standardization of instruments at a time when little attention 
was given to this essential outside the physical laboratory, and he 
gave personal attention to the rating of watches, and the stand- 
ardization of sextants and clinical thermometers, as well as to 
administrative work during his long connection with Kew Ob- 


servatory. 


IX 


The widespread interest in the weather and the chaotic state of 
meteorological work at the time of Galton’s return from his African 
explorations were almost inevitably a stimulus to his interest. He 
saw at once the importance of synchronizing and standardizing 
observations made at stations as systematically distributed as pos- 
sible over wide areas. He foresaw instinctively the necessity for 
a better organization of the data then available if progress was to 
be made in meteorological investigation. 

It will be practically impossible for biologists, accustomed to 
turning to a wealth of meteorological observations tabulated and 
mapped in detail for their use in studies of geographical distribu 
tion, to realize the conditions which prevailed at this time. Partly 
for its intrinsic interest and partly for its illustration of Francis 
Galton’s firm grasp of scientific method and the importance of 
scientific organization and cooperation, I beg permission to quote 


* His earliest paper, printed after his departure for his early African 
explorations, in 1849, was on the possibilities of a printing telegraph instru 
ment. The apparatus designed seems never to have been carried beyond the 
preliminary stages. The point of greatest interest lies in the fact that seventy 
years ago Galton foresaw clearly the possibilities of house-to-house com- 
munication which might result from a system of centrals if the telegraph 
instrument could be adapted to the use of individuals instead of limited to 
highly trained operators. 
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the following from the introduction to his ‘‘Meteorog: 
of 1863: 

A scientific study of the weather on a worthy scale 
impossibility at the present time from want of accessible 
meteorographiec representations of large areas, as facts to rey 
urgently as experimental data are required by students of physical 

Meteorologists are strangely behindhand in the practise of 


materials they already possess. There are more than 300 skill 


using excellent instruments, scattered over Britain and the « 
transmit observations taken twice daily to meteorological sco 
ment institutes. Besides these, are the same number of light} 
Lastly, many observers publish independently. Yet througho 
labor that practise of general combination is absent, which 
utilize it as it deserves. No means exists of obtaining access 


erable portion of these observations, without great cost, 


‘ ’” } 


tainty, much less can they be obtained in a ‘‘reduced nd 
meteorographic form. The labor of a meteorologist who studies t 
of the weather is enormous before he can even get his materials 
arrive at the starting point of his investigations. In the ordi: 
has to apply, with doubtful chance of success, to upwards 

institutes in Britain and Europe, for the favor of access to t! 
ments received by them, and to fully thirty individuals besides 

to procure copies, then to reduce the barometer and thermometer 1 
common measure, and, finally, to project them on a map. 

I feel that all this dry, laborious and costly work, which has t 
gone independently by every real student before he can vent 
the scientific part of his work, is precisely that which should be 
institutes established for the advance of meteorology. 

After discussing some of the essential features of met 
maps he says: 

A sustainéd series of publications of this kind, extending 
three years, would give an extraordinary impetus to the scientif 
meteorology. They would supply the necessary materials in 
form, for arriving at a general knowledge of the distribution 


ext 


elements of the weather; they would afford means of testing the 
of ‘‘forecasts’’ with a rigor impossible at the present time, a1 
necessarily, improve it. 

; 


Galton foresaw the desirability and the possibility 
national cooperation, for he continued : 

If extensive tables of reduced observations were issued 
might look for the cooperation of meteorological institutes 


mr 


tinent (who already publish voluminously) in following our exam} 


After discussing some of the practical problems of inter! 
cooperation, he concludes : 

Entertaining the views which I have expressed on the necé 
orological charts and maps, and feeling confident that no repr 


10 Galton, F.: ‘‘ Meteorographica, or Methods of mapping t! 
illustrated by upwards of 600 printed and lithographed diagra: 
the weather of a large part of Europe. London and Cambridg 
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sight be done would influence meteorologists to execute what I hav 


bed, as strongly as a practical proof that it could be done. I determined 
ke ¢ as far as 


nake a trial by myself, and to chart the entire area of Europe, a 


meteorological stations extend, during one entire month... 
In evaluating the conception we must not forget the time at 
which it was written : 
rnished the first published intimation of ‘‘ Hereditary Genius 


turn 
and before Mendel’s paper was read. It was at a time when for 
own meteorological records we were depending upon the jour 


It was two years before the two essays which 


oul 


nals of our exploring expeditions and surveys, upon the observa- 


tions of our medical officers at the army posts, and upon such sys 
ematic records as the Smithsonian Institution could assemble. 
Thus Galton’s personally printed weather maps preceded by over 
twenty years our first tridaily meteorological maps. 


But we must hasten on; it is not our purpose to detail before 
biological audience his various activities in the development of 
modern meteorology, during the more than thirty-four years of 
his activities at Kew Observatory and in the Meteorological Office. 
In writing to Mr. Galton upon his resignation from the Me 


teorologieal Office Sir Richard Strachey said: 

s no exaggeration to say that almost every room in the office and all 
its records give unmistakable evidence of the active share you have always 
taken in the direction of the operations of the office. 


the same high order of intelligence and inventive faculty has characterized 


The council feel that 


work in meteorology that has been so conspicuous in many ot} 
ns, and has long become known and appreciated in all centers of 

tivity. 
[I am not pretending that Francis Galton was great as a me- 
teorologist. His work came too late in the development of the 


science to appear alongside that of Galileo where it might be ex 
pected in the indices of modern text-books. His personal work 
came too early to be connected with much of the modern develop 
ment which has resulted from the widespread establishment of 
stations which he foresaw as an essential to the practical use of 
meteorological observations in the protection of shipping. It is 
not unreasonable to suppose that Galton’s work will have greater 
influence upon the future development of meteorology than it has 
in the past, for the methods of correlation, regression and partial 
correlation are now being introduced into the treatment of me- 


teorological data. 
Locking back on these phases of Mr. Galton’s publie service. 


Tridaily 


The 


1U. 8. War Department, Office of the Chief Signal Officer: 
Me teorological Record, issued from the Office of the Chief Signal Officer. 
charts begin with January, 1878, but were not published until 1884. 


Vol. XVL—17, 
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we as naturalists can not but regret that it absorbed enere, 
might have been devoted to studies of inheritance, and to ¢} 
lems of eugenics. 


f 


But let us not forget that the scientifie man is a citizen 
as an investigator. Mr. Galton’s gift of time and thought 
ministrative duties curtailed his list of books and papers. 

Have they curtailed his influence upon the progress of scie 


ds 


XxX 

I have touched as lightly as possible on those achieve: 
Galton which had no counterpart in Mendel’s work, in pa 
cause I have wished to avoid any possible semblance of part 
in the treatment of the two characters and in part because | | 
desired to reserve the time for a discussion of the broader 
of Galton’s biological work. 

In Galton’s narrative of his African explorations there 
I have said, little to indicate a keen interest in the flora or { 
other than the big game. There are, however, unmistakable : 
dences of interest in man. To Galton the loss of valuable eq 
ment was not merely a difficulty to be overcome. It was a 
tunity to study the behavior of primitive peoples, by pitting 
tribe against another in the recovery of his lost property. 

In his later life this interest made itself felt in four int 
related fields of work—in anthropology, in psychology, in here 
and in eugenics. 

Galton’s studies in these four fields are so closely 
related that in noting his major contributions I shall follow 
main a chronological sequence. 

An illustration of the impossibility of separating them is 
forded by ‘‘ Hereditary Genius,’’ his first great biological 
which appeared sixteen years after his ‘‘Tropical South Afr 
and during the period of his most active interest in meteor 

‘*Hereditary Genius,’’ as Mr. Galton tells us, grew out 
purely ethnological inquiry into the peculiarities of diverse 1 
In 1874 ‘‘Hereditary Genius’’ was supplemented by a volun 
‘*English Men of Science; their Nature and Nurture.’’ I[n I>» 
**Enquiries into Human Faculty’’ assembled under one « 
observations, experiments and statistical studies of color 
ness, capacity for distinguishing shrill sounds, criminality 
insanity, gregariousness and slavish instincts, number forms, ' 
sensitiveness of blind and seeing and of savage and civilized 
viduals and many other interesting topics. 

It was during this period that his interest in anthrop 
measurements and in finger print identification developed 


AST 


ns C1 


ee ee 
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1882 he published a plea beginning ‘*‘ When shall we have anthropo- 


metric laboratories where a man may from time to time get himself 
and his children weighed, measured and rightly photographed, and 
have each of their bodily faculties tested by the best methods known 
to modern science?’’ As a result of his interest, an anthropo- 
metric laboratory was established. He recognized the possibilities 
of obtaining materials of value for scientific investigation from 
measurements carried out in the public schools, and utilized such 
materials in his own studies. 

Coincident with and supplementary to physical measurements 
were his studies of finger prints. 

Galton foresaw the difficulties of the use of the Bertillon sys- 
tem because of the fact that physical measures are correlated. His 
interest in finger prints as a means of personal identification first 
became generally known through a lecture delivered before the 
Royal Institution in 1888. In 1891 he published an extensive 
memoir in the Philosophical Transactions. His books on the sub- 
ject are ‘‘Finger Prints’’ (1892), ‘‘Decipherment of Blurred 
Finger Prints’’ (1893) and ‘‘ Finger Print Directories’’ (1895 

The consequence for science of these studies is not to be judged 
by the volume of the data, by the pages published or by the con 
clusions drawn. Neither will I point to the fact that in our recent 
world conflagration the possibility of the identification of millions 
of men depended upon methods for which we are primarily in 
debted to Galton. 

The true importance of his work inheres in more subtle in 
fluences. First, these studies contributed, directly and indirectly, 
to the development of Galton’s own grasp of the larger problems 
which I shall discuss in a moment. Second, they had an immedi- 
ate influence upon the scientific thought of his own time. 

All students of Mendel’s life have emphasized the fact that his 
influence upon his contemporaries was but insignificant. 

The ease is quite different with Francis Galton. Throughout 
his life he was active in the affairs of the British Association, the 
Royal Geographical Society and the Anthropological Institute. 
During his later years when his own pen was less active his per 
sonality was an inspiration to the scientific men with whom he 
came in contact, and many of them owed their success in no small 
degree to his kindly interest. They, in their turn, extended his 
influence. In America, for example, the early development of both 
experimental psychology and of statistical methods in anthropol- 
ogy is in no small degree due to J. McKeen Cattell’s early asso- 
ciation with Francis Galton. 

It is hardly too much to say that the personal influence of 
Galton was one of the chief factors in the development of anthro- 
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pometry from anthropology. His influence upon the develop, 
of experimental psychology was probably equally great. 


XI 

This brings us to what is the next to the most important 
the most important phase of Galton’s work and influence. 

The facts which any one individual accumulates can 
be discarded without serious loss within a few years after | 
which he has done is interred with his bones. While Galto: 
tribution of facts constitutes a much larger fraction of the ]i: 
ture of biology than does that of Mendel, it has long si) 
replaced by better or more extensive data and his name 
appears in the ‘‘Literature Cited’’ of our current journals. 
ton’s really great contribution was that of method. 

Here again we arrive at a certain parallelism betwee: 
and Mendel. In their influence upon the methodology 
Galton and Mendel had two things in common. 

First, they both recognized the value of a direct appeal 
perimental or observational facts as contrasted to specu! 
authority. They differed in that Mendel appealed to exper 
determined facts, whereas Galton laid greater emphasis 
statistical analysis of observations and measurements.'* 

Second, both showed biologists the value of replacing 


regularities of observational frequencies by a smooth math 
ical formula.** A permutation formula—for example, that | 
to the 9:3:3:1 ratio—is a mathematical expression fitted 
empirical data just as truly as is the normal curve." 


XII 
Galton’s work in the application of mathematical met! 
biological problems extended much farther than the mere des 
tion of frequency distributions by mathematical formu! 


12 The difference was in no way due to a lack of sympathy 
of Galton with experimental methods, but rather to his keen interest 
an organism which is not available for experimentation in the sar 
are peas. 

13 Probably the greatest difficulty of some of those who preced 
and who almost attained his results was that they could not se 
because of the trees. The data obscured the laws. 

14 An amusing feature of the criticisms of the biometric schoo! 
delians is the fact that the critics have failed to realize that the feat 
both methods of approach which are of the greatest importance in scie! 
the same—namely, the replacement of the confusing irregularities 
frequency distributions by the illuminating regularity of mathemat 
pressions which represent the results with a degree of accuracy w! 
within the limits of the probable errors of random sampling. 


a ne I ae 


a 
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grasped the important conception that in biology we are chiefly 


eoncerned with the degree of interrelationship between the vari 
ables with which we have to deal. His conception of correlation 
and regression, vastly extended and enriched by Pearson of the 
Biometric School, has given us some of the most powerful tools in 
biological research. 

There is no time at my disposal for a history of biometry, nor 
is this the occasion for an indication of what biometry has accom- 
plished or what it is capable of accomplishing for biology in the 

It is sufficient for the moment to point out that many 
thoughtful biologists recognize the fact that the progress of 
science depends not merely upon the accuracy of measurement and 
the closeness of control of experimental conditions, but upon the 
adequacy of the mathematical description and analysis of the 
observational, assembled toward the solution of a given problem. 
This was not obvious in Galton’s day. He foresaw in part the 
long and bitter fight which would be necessary to establish mathe- 
matical analysis as an essential part of biological investigation, 
but the campaign fell to the lot of younger men. It is to his glory 
to have had the vision. It has been the opportunity and the privi- 
lege of his followers to wage the battle. 


XIII 


In many of the comparisons hitherto drawn there is some ele- 
ment of parallelism, however approximate; some semblance of 
equality, however slight, between the achievements and the influ- 
ence of Mendel and Galton. When we turn to Galton’s greatest 
potential contribution of human advancement there is no possi- 
bility of comparison further than to note the significant fact that 
it was not the ecclesiastic, Mendel, but it was the biologist, Galton, 
who had the vision to foresee the possibilities of the improvement 
of human stocks under present conditions of law and sentiment. 

Thus what may become the most fundamental service of science 
to humanity was not foreseen, or at least not formulated or fostered 
by one whose vocation was religion but by one whose vocation was 
science. 

Nor was it merely a question of vision. Galton not only fore- 
saw’’ the possibilities of the application of the laws of biological 


15 It is an interesting fact that in his first paper on inheritance (1865) 
Galton wrote: ‘‘The power of man over animal life, in producing whatever 
variety of form he pleases, is extraordinarily great. It would seem as though 
the physical structure of future generations was almost as plastic as clay, 
under control of the breeders’ will. It is my desire to show, more pointedly 
than—so far as I am aware—has been attempted before, that mental qualities 
are equally under control’’ (p. 157). On another page of the same essay we 
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science to the improvement of human stocks, but he had the enero 


courage and practical wisdom to make such provision as he « 
for the realization of his vision. He himself contributed 
sively to the research'® which should precede propaganda 
must precede legislation or action. His contribution was 
merely the products of his own pen, but the personality 


} 


about him a school whose researches contributed to the adva 


ment of the science in which he was interested as rapidly as { 


care which such work demands made progress possible. Fi 
he provided that the major portion of his private fortune s} 
be devoted to the foundation of the first laboratory for nat 
eugenics, and named as his personal choice for its head one of 
ablest and most productive scientific men of our generation. 

This is neither the place nor the time to discuss in det: 
work of the Galton Laboratory, where the highest ideals of ri 
investigation have been steadfastly maintained, or the status 
eugenics as a science. It is enough to say that the interest 
dered by the pioneer work of Galton, vigorously forwarde 
later date by the work of Karl Pearson and by the establishn 
of the Galton Laboratory, has been the direct cause for the « 
lishment of a series of similar institutions throughout the | 

Finally, let us say to the credit of Galton himself that 
his earlier writings were too far in advance of their time 
ceive serious consideration he did not succumb to discourage: 
In the later years of his life he might have been the hero of 
of enthusiasts, but he was willing to be patient and to wait 
research to lay the needful foundations. 


XIV 


Which was the greater man? Which has influenced most 


foundly the development of science as we know it to-day? 


read: ‘‘I hence conclude that the improvement of the breed of man 
insuperable difficulty. If everybody were to agree upon the r 
being a matter of the very utmost importance, and if the theory of tl 
itary transmission of qualities in men were as thoroughly understood 
in the case of our domestic animals, I see no absurdity in supposing t 
some way or other, the improvement would be carried into effect.’’ 

16 Galton’s chief volumes have been cited above. It would 
far from our purpose to attempt to cite or review the minor paj 
show the development of his interest in and appreciation of the p1 
eugenics. 

17 Galton was aware of the dangers of propaganda. Thirteen 
when some of his essays were assembled in a little volume, ‘‘ Essays 
Eugenies,’’ by the Eugenics Education Society, he wrote in the prefa« 
is above all things needful for the progress of eugenics that it 
should move discreetly and claim no more efficacy on its behalf that 
future will confirm; otherwise a reaction will be invited.’’ 


S a 


A 
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has set in motion the more important forees for the future devel 
opment of science? 

Personally, I have no shadow of doubt as to the correct answers, 
but I shall not obtrude my own opinion upon you. 

After all, the questions do not demand formal answers. Let 
us instead content ourselves by repeating a sentence from our in- 
troduetory remarks: ‘‘Both men worked in advance of the science 
of their own generation. Both have influenced in a profound and 
far-reaching manner the science of subsequent generations.’’ 

It is fitting that the American Society of Naturalists should do 


them honor. 


A PERMANENT MEMORIAL TO GALTON AND 
MENDEL 


By Professor GEORGE H. SHULL 


PRINCETON UNIVERSITY, PRINCETON, N. J. 


7HEN the Mendelian principles of heredity were simulta- 
W neously rediscovered and promulgated in 1900 by de Vries, 
Correns and Tschermak, the systematic study of variation and 
heredity had been already for several years proceeding with vigor 
along a wholly different line, known as biometry. As increasing 
numbers of zealous workers in the Mendelian field made it in- 
creasingly evident that the principles discovered by Mendel had 
widespread if not general validity, the inevitable conflict between 
the Galton-Pearson methods of attack on the problems of genetics 
and the Mendelian methods engendered much bitterness and even 
as late as 1909 an ‘‘Ardent Mendelian’’ depicted the devotees of 
biometry and those of Mendelism as two armies pitted against each 
other in mortal combat with ultimate victory inevitable for the 
Mendelians. We can not admit that this picture ever accurately 
represented the attitude of biometricians or of Mendelians, gen- 
erally, though in individual cases it may perhaps have been jus- 
tified. 

What a change hath the past decade wrought! With keen satis- 
faction we bracket together to-day the names of Galton and Men- 
del with the assurance that in so doing we give offense to no one! 
Mendelism has indeed won the victory, but so also has biometry! 
And instead of mortal combat, there has come fraternization, 
mutual understanding, cooperation, even amalgamation, so that 
to-day the names of Galton and Mendel stand as twin pillars in 
the basement room of the house of modern biology, which has been 
christened ‘‘Genetics.’’ 
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To geneticists it is well known that the fundamental concer: 
in both biometry and Mendelian heredity is one and the sam, 
cept; to other biologists this may not have been fully appree 
as yet. Both biometry and Mendelian heredity involve the 
ing and analysis of statistics, and the analysis in both rests o; 
assumption of independent assorting of pairs of alternatives 
basic principle of both is the principle known as the 
chance,’’ a principle which might be less easily misconstr 
were always spoken of as the ‘‘law of probability,’’ since the 


*‘chance’’ connotes to many the antithesis of causation 
in reality it assumes that even events which are individua 
predictable are due to the interplay of definite causes. T} 
plest phase of this principle may be represented by the 


tossing of a coin which may fall either ‘‘head’”’ or ‘‘tail. 
of increasing complexity may be as simply illustrated by t 


yeated tossing of two coins at a time, then 3 coins at a 
5 


coins at a time, and so on, to any degree of complexity 
Mathematically, the results are symbolized by the ex 
(a-+-b)" in which a and b may each be assumed to have t 
unity. Mendelian phenomena, as practically handled, 
involve only the lower values of n in this formula (the nw 
allelomorphie pairs) and also generally require that a and 

such character or magnitude that they may be easily distinguishe 
from each other. Biometry, on the other hand, works ideally wit 
cases in which n is large, and the alternatives represented by 

b are not easily or not at all differentiable. But there is no» 
line of distinction between cases in which n is small and t 
which it is large, nor between the cases in which @ and 
easily distinguished and those in which they are not eas 
or not at all capable of distinction. The combination of bion 
and Mendelism in modern genetics has resulted therefore 
naturally from extended experience in both fields with n 
invasion and overlapping. 

The significance for modern biology of the introducti 
statistical methods has been well discussed by the last prec: 
speaker and I will attempt to add nothing to this; but rather t 
occasion to point out a certain interesting parallel and antit! 
in the lives of the two men the centenaries of whose birt! 
celebrate to-day. 

Not only were Galton and Mendel born in the same year (152- 
but they also published their first scientific contributions at near’) 
the same time, and at a time that must be considered in these 4 
relatively late in life, namely the age of 43. Mendel’s 
paper was read in 1865 and printed in 1866, while Galton’s 4! 
papers on the statistical study of heredity were published 1 





MENDEL AND GALTON 265 


Millan’s Magazine in June and August, 1865, but the existence of 
these would be now as completely buried in oblivion as was Men- 
del’s paper before the ‘‘rediscovery’’ were it not that they were 
mentioned by Galton in a book that has lived, entitled ‘* Hered 
tary Genius,’’ published in 1869. 

‘Aside from the coincidence of these two cardinal dates (their 
births and the dates of their first publications) in the lives of 
Galton and Mendel, their biographies are much more striking in 


their strong contrasts than in their parallelism; for Mendel was 


the son of a peasant, while Galton was born to a family already 
well endowed with the results of several generations of energetic 
eommercial life and thrift. Mendel continued but a short time 
in the execution of genetical experiments after the publication of 
his greatest paper; Galton continued his studies throughout a long 
life and contributed books and magazine articles almost 

day of his death, and in his will he endowed a laboratory to con- 
tinue in perpetuity the type of research which he had inaugurated. 
Mendel died in 1884 at the age of 62, wholly unknown to the 
scientific world; Galton, on the other hand, died in 1911 at the 
ripe age of almost 89 years, and was well laden with the various 
honors which admiring scientific and governmental organizations 
could bestow. 

There is something fine in the spontaneity which has been 
shown by scientific organizations, both national and international, 
in taking cognizance of this centennial year. All the genetical 
journals and a number of other biological journals have celebrated 
in one form or another, and several special commemorative pro 
grams have been arranged. The most notable of these was the 
international gathering in Briinn, Czechoslovakia, in September 
last. 

It is to be noted, however, that these various activities repre 
sent quite ephemeral manifestations of the great respect and ad 
miration we all feel for Galton and Mendel. The question has 
been raised whether these sentiments ought not to be expressed in 
some more enduring form, and the answer has seemed to be in- 
evitably in the affirmative; but what should be the nature of such 
a memorial ? 

Tablets of bronze, and busts or statuary of bronze or marble, 
appropriate locally to mark the places of birth or of labor, are 
hardly appropriate for us who have in our midst no places to thus 
commemorate in association with the names of these two great 
spirits. There is left, however, an even better association than 
that between name and place, to which to attach a memorial, 
namely, the association between the men and the work to which 
they gave their devotion and which laid the foundations of a new 





266 THE SCIENTIFIC MONTHLY 


branch of biological science. It is suggested, therefore. tha: 
5S 5S | 


best type of memorial is one which will, in perpetuity, p 
the sort of scientific activities to which they were devoted. 

It is a fact now well known in scientific circles that 
search journals are in difficulty, and unable to meet the ey: 
needs of research men for the recording and promulgation of 
discoveries. It is recognized that this condition seriously menaees 
rapid progress in scientific discovery. Genetics, particularly, } 


been unable to meet the needs of geneticists who work with e 
characters, nor has it been able without special gifts eit} 

the authors themselves, or from other outside sources, t pul 
the expensive tabular matter required in a statistical science. 
will be recalled that in Mendel’s original study, four of the 
alternative characters which he considered in the garden pea \ 
color characters, and modern geneticists have likewise found 
mentation characters forming a considerable portion of the 
instructive research material. Gross verbal descriptions of su 
pigmentation characters serve fairly well the crude prelimi: 
studies, but as the analyses become sharper and more 

such verbal descriptions are certain to lose much of their 

It is proposed therefore as a permanent memorial to the found 
of the science of genetics to ask for popular subscriptions 
**Galton and Mendel Memorial Fund’’ the principal of wh 

be kept invested in perpetuity, the income from which s 
be devoted to the publication of such colored plates and 
expensive types of engraving as may be necessary in the illus' 
tion of research papers in the journal Genetics, and also 
fraying in part the cost of publishing necessary tables of statist 

There is a special reason why this is a particularly appropr 
type of memorial for Gregor Mendel. Several suggested expla: 
tions have been offered to account for the long submergence: 
Mendel’s magnificent contribution, and all such explanat 
doubtless have a certain degree of validity, but the explanatio 
which seems most generally acceptable is that of defective | 
lication. It is true that the Transactions of the Natural Hist 
Society of Briinn were being exchanged with no less than 
other societies and institutions of similar scope or related purp: 
but it is hardly to be doubted that had his paper been published 
one of the standard biological periodicals of the day it would ! 
have remained for 35 years unknown to others capable of app! 
ciating its bearing. 

The significance of the type of memorial here proposed w 
become clearer when we consider what becomes of the papers w! 
ean not be published in any of our standard journals because 
the need for expensive types of illustration, or for unusual quant 
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sies of tabular matter. Some American papers requiring colored 
nlates have been sent to England or Germany and published in 
foreign journals; but it is obvious that these sources of publica- 
tion facilities are strictly limited. Probably the greatest number 
al 
for the full realization of their value. A number of papers with 


.lored plates or other expensive engravings have been published 


e published without the illustrations and tabulations required 


as University Bulletins, the method of issue of which is similar to 


that of Mendel’s original paper, and for this reason they may be 


expected to be less readily accessible as the years go by than if 


published in a standard journal like Genetics. Have we any as- 


surance that we are not burying in this way to-day important con- 
tributions which may or may not be rediscovered, several decades 
hence ? 

The amount of money needed to meet present requirements of 
illustration and tabular matter in Genetics has been estimated at 
$50,000 and this sum is therefore set as the goal to be aimed at. 

Is it not clear that since the contributions of Galton and Men- 
del and the science which they founded touch vitally every branch 
of biology, giving new viewpoints and new outlook, it is proper 
to invite all biologists and all those interested in the applications 
of biology to cooperate in the establishment of this Memorial 
Fund ? 

A considerable number of contributions ranging from ten to 
one hundred dollars each have been received already from biolo- 
gists, as well as from others who, though not biologists themselves, 
have an interest in the progress of biological discovery. Since 
it will be impossible to appeal by individual letters to all of the 
thousands of biologists in the country, each reader who has not 
already sent a donation is asked to consider this a direct personal 
appeal for a contribution to the Memorial Fund. The fund will 
have its proper character as a memorial only if (or in proportion 
as) the list of donors contains the names of all who understand 
and appreciate the epoch-making work of Galton and Mendel. 

A permanent list of donors will be kept in which the following 
grades will be maintained: Persons contributing $5,000 or more 
will be designated Founders; those giving $1,000 or more, Patrons: 
$100 or more, Supporters; $10 or more, Contributors; and those 
who give less than $10 will be listed as Associates. 

Checks or other valuable securities, such as stocks or bonds, 
should be made payable to the Galton and Mendel Memorial Fund 
and sent to the Secretary of the Editorial Board of Genetics, 
George H. Shull, 60 Jefferson Road, Princeton, New Jersey, who 
will render prompt acknowledgment. 

The permanence of the memorial will be insured by placing the 
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fund in the hands of a conservative Trust Company, an 
income will be used as needed for the purposes stated. 
acknowledgment will be made whenever any part of th 
is used, and provision will be made also that in the ev: 


ean be no longer appropriately used in the manner here 
the fund will pass to the trusteeship of the American As: 
for the Advancement of Science for reallocation in sue 
as will in its judgment best serve as a memorial to Galt 
Mendel. 

It is believed that this very practical type of me 
meet the approval of all those who realize that the best 
to a scientist is one which serves to promote the work 
was interested. It is also believed that biologists will 
esteem it a privilege to enroll themselves among the ad: 
these two great prophets of modern biology—Francis G 
Gregor Mendel. 
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PASTEUR, THE MAN’ 


(Dec. 27, 1822—Sepr. 28, 1895) 


By Dr. ERWIN F. SMITH 


U. S. DEPARTMENT OF AGRICULTURE, WASHINGTON, D. C. 


| every country and every age the really great men are few. By 


great I mean those who in intellectual and moral grandeur 
tower like mountain peaks above their fellows. The only excep- 
tions are Athens in the time of Pericles and Florence in the 
Renaissance, when great men abounded. France in the nine- 
teenth century was no exception. If we exclude Napoleon, 
who really belongs to the eighteenth century, we have Hugo and 
Pasteur as the great outstanding figures. If we judge these two 
men by the influence they exerted on their own generation, Hugo 
would be the greater; but in a long perspective of years Pasteur 
looms immeasurably larger because of his influence on practical 
life in many directions. Hugo will always be a great lyric, epic 
und dramatie poet, the founder of a new school, the poet of democ- 
racy and of the future man, the one who came the nearest of any 

representing the whole of his time; but theories of versification 
and theories of all types of artistic and of literary creation vary 
from age to age and in the long run Hugo, like Balzac, will be 
only one of many great men who have influenced the trend of 
intellectual life in a generation. On the other hand, Pasteur’s 
researches on polarization of light, the structure of the molecule 
ind the constitution of matter, on fermentations and the best 
methods of conserving foods and drinks, his investigation of spon- 
taneous generation, of aérobism and anaérobism, of the cause of 
human and animal diseases, and his discovery of various methods 
of controlling such diseases applicable to medicine and to surgery, 
will bulk larger and larger as time goes on. It is for this reason 
that men at this time are assembling in all parts of the world to 
lo him honor. It was his immense and unique contribution to 
human knowledge in a dozen different fields that made Pasteur the 
*ompanion and equal of kings and emperors and of all the intel- 
lectually great men of his time. So much has been written and 
said and will be written and said soon about the various types of 


1 Read under the auspices of the Graduate Club at Rutgers College, New 
Brunswick, N. J., December 20, 1922. 
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new research which Pasteur inaugurated and all the wonder‘ 
contributions he made to the advancement of scientific know), 
in new fields that I may be excused if I turn from these ; 
and speak only or chiefly of the kind of man he was, 
especially for the encouragement of students. 


ANCESTRY 

Pasteur was a plain man of the common people. He ca 
a prolific race of hardy hill-people, peasants, small farmers, ar: 
sans. There were no scholars among them. His father, 
father and great-grandfather were tanners. 

As a young man his father was a conscript and fought 
Napoleon in the war in Spain in 1812-13. He was advanced | 
the ranks to the post of sergeant major and was decorated 
bravery. To him as to many another old legionary the emperor y 
always a kind of demigod. The father was by nature incommuw 
eative, secret, laborious, devout, of a slow reflective spirit, ¢ 
to melancholy and the inner life, but full of strong feeling 
times of fierce action—witness the sabre episode. Many of 
traits he transmitted to his son, especially his love of lab 
his meditative taciturnity alternating with periods of exu 
and dominating speech. The father could read and writ 
liked to draw and paint. He was an unselfish man, very 
erate of others and tender-hearted to animals. He would not hunt 
and the sight of a wounded lark made him sick. When Past 
proposed to give lessons in the Batbet school out of gratitude { 
favors received, the father writes, ‘‘ You owe it not for this reas 
alone but for the sake of others, since thereby the principal n 
induced to extend a helping hand to other studious young 
without which their future might be compromised.”’ Agair 
writes: ‘‘Start a subscription in your school for those poor P 
exiles who have done so much for us. It would be a good d 
Once more he sends good advice, greatly fearing the corrupt 
imfluences of the Latin Quarter of Paris, and his son replies ¢ 
acteristically: ‘‘When one has red blood in his veins he re! 
simple of heart and upright wherever he is. He who has no 
power is the one who yields.’’ The father was often worried 
his son’s inordinate desire for knowledge, or, as he puts it, ° 
moderation dans le travail,’’ should overtax his physical | 
and once he writes very wisely: ‘‘Les moins pressés sont que! 
fois les plus sages.”’ 

Again, when the son sends home money from Paris, sa‘ 
his meager income, the father writes: ‘‘For my part | had 
thousand times rather you had kept the money for ; 
needs, ’’ but adds, ‘‘ Very few parents have the good fortune t 
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+o sav such things to their sons in Paris. And so I am pleased 


with you more than I can tell vou.”’ 

In 1843 the father writes: ‘‘Tell Chappuis | Pasteur’s bosom 
friend interested in philosophy] that I have bottled some of the 
1834 bought expressly to drink to the honor of the Normal school 
‘n the first vacation. There is more sparkle in these hundred litres 
than in all the books of philosophy in the world. But as to mathe- 
matical formulas | Pasteur’s study] I believe there is not any in 
them. Tell him we shall be glad to drink the first bottle with him. 
Be always good friends.”’ 

Pasteur’s mother was the daughter of a gardener accustomed 
to work in the fields, simple, affectionate, lovable, industrious, 
imaginative and enthusiastic, or lively, as we might say. Pasteur 
was the third of five children. They were poor and the days were 
long and the mother wrote seldom, but always with a wealth of 
affection for the beloved son who, far away, was winning friends 
among eminent men and making a great name for himself as a 
hard-working and brilliant student. In 1848, toward the end of 
her life, the mother writes: ‘‘My dear child: I trust you will 
have a successful year. Take good care of your health. ... Have 
I not a right to be worried, far from you and unable to give you 
a mother’s care? Sometimes I console myself for your absence 
by reflecting what great good fortune has been mine to have a 
child who has gained a position which makes him so happy. 
Whatever happens to you do not grieve. All is a chiméra in this 
life.”’ 

BoyHoop AND Youna MANHoop 


As a boy Pasteur played about the tannery and the small 
stream that flowed past it, and in the great wave of homesickness 
that overtook him when he first went to the Barbet school in Paris 
in 1838 all his thoughts were on the odor of the tan bark. ‘‘I be- 
lieve I should be well again,’’ he said, ‘‘if I could only smell the 
odor of the tannery.’’ So his good father went to Paris and 
brought him back to the village where he spent some time before 
again venturing on the great whirlpool of the outside world and 
then he went not to Paris but to Besancon, so as to be nearer his 
home. In these early years he studied and worked and sketched, 
making many pastels of people he liked, some of which are very 
good. At 13 his most striking aptitude was a love of drawing. 

[t has been said that Pasteur was dull in his youth. The same 
was said of Sir Walter Scott, and in both cases the dulness was in 
the master and not in the pupil. 

Pasteur was not a brilliant student and only his friend Chappuis 
guessed his future greatness but he was a very persistent student 
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and he loved books. As a mere boy we read of his buy 
tionaries and grammars and proudly writing his name 
and, a little later, of his reading Silvio Pellico’s ‘‘My Pr 
X.-B. Saintine’s ‘‘ Picciola,’’ a book that was still famous 
boyhood, Lamartine’s ‘‘Méditations’’ and Droz’s ‘‘ Essay 
Art of Being Happy.’”’ 

Lamartine as a political leader also stirred his enthus 
influenced him greatly. At this time in Paris he joined the G 
Nationale, gave to the country all his savings—150 fra: 
then, as ever, was strongly patriotic. 

Pasteur was graduated bachelor of letters at Besancon 
with the following comments on his standing: ‘‘Good in G: 
Plutarch, in Latin in Virgil, good in rhetoric, mediocre in |} 
and geography, good in philosophy, good in French eco: 
and very good in the elements of the sciences.’’ 

He was a serious-minded youth, with his thoughts set o1 
things, and with an unlimited capacity for hard work and a 
determination to succeed. Withal, he was an unselfish yo 
of his family and of his friends. He writes to Chappuis 
**My greatest pleasure is to get letters from you and my 
ple, so write often, and may your letters be very long or 
writes to his sisters in 1840 from Besancon: ‘‘ Work and love 
other. When one has learned to work he can not live vy 
Besides, everything in the world depends upon it.’’ In 
early letter he says: ‘‘ Almost always hard work leads to suc 
Three things go hand in hand: will-power, labor, success 
these should be added good judgment, and he was full of 

At this_time he was simple, grave, almost timid, but 
flame of enthusiasm, a worshipper then as ever of noble 
and great men. You remember what he said to the stud 
Edinburgh when he was old and famous, and what he wrot 
Lavoisier when he was young! 

Some early opinions of him are interesting. Pouillet 
‘*I do not know a young man more honest, more laborious 
more capable.’’ 

Biot said ‘‘He illuminates everything he touches.’’ B 
wrote to the father describing the son as ‘‘so good and so 
guished’’ and adding: ‘‘It is the greatest pleasure I ca! 
ence in my extreme old age to see young men of talent, act 
industrious, who seek to advance in a scientific career, 
labors, solid, long-time followed, and not by miserable intrigu 

Senarmont wrote in 1851: ‘‘If he keeps on, what he has f 
is only the beginning of what he will discover.’’ 

The great chemist, J. B. Dumas, said in 1865 when 
Pasteur to undertake the investigation of the silkworm 


ne 
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‘I do not know any one at the present time who represents better 
than you the spirit of Lavoisier and his method.”’ 


us 


THe Man 

Tremendous will power and an insatiable desire for knowledge 
and especially new knowledge to be obtained by experiment char- 

terized boy and man. Added to this he had intuition and scien 
tif imagination of a high order. Philosophy seemed to him a 
chimera. He formed innumerable hypotheses to explain what he 
saw about him, but only to try these out one after another in the 
erucible of experiment. Hypotheses come to us in armfuls, he 
said, but they are of no value unless verified. As Duclaux has 
said. Pasteur loved great horizons, knew how to discover them 
and to make himself a part of them. Now he was on the mountain 


top full of expansive joy and ready to combat the world when 


some crucial experiment had succeeded beyond his fondest expecta- 
tion, and again he was in the valley of despondency when all his 
experiments had failed and the way appeared to be walled up. 
He observes of a year of failures, ‘‘I! faut étre un peu fou pour 
entreprendre ce que j’ai entrepris.’’ Duclaux gives us a striking 
picture of Pasteur at another such atime. After working for two 
years on the silkworm plague with varying success he comes in 
one day utterly dejected and throwing himself down in a chair 
announces, ‘‘We have failed. Everything must be done over. 
There are two diseases!’’ But discouragements were only tempo 
rary with this man. Obstacles, inanimate or human, only seemed 
to stir him to greater efforts. When he is working on a deep prob- 
lem in crystallography and is perplexed we hear him ery: ‘‘I will 
work ten years on it if necessary.’’ At another time of discour 
agement he says: ‘‘The essential thing is to do over again all our 
experiments.’’ In Strasburg he writes to Chappuis: ‘‘The nights 
are too long. I prepare my lectures easily and I have five days a 
week for the laboratory.’’ To Madam Pasteur, who sees too little of 
him, he says by way of compensation, ‘‘I will make you known to 
posterity.’’ The woman’s side of the case comes out humorously 
thirty years later in a letter to her daughter: ‘‘Your father is 
absorbed in his thoughts, talks little, sleeps little, rises at dawn 
and in one word continues the life I began with him this day 
thirty-five years ago.’ 

Nothing could draw him away from his researches, yet he did 
not skimp his teaching. He said, ‘‘If I neglect my preparation 
only a little I teach badly and am obscure.”’ 

Pasteur was a pioneer and he had the faults and virtues of the 
pioneer. He cut roads in every direction through vast territories 


ol. XVL—18. 
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He stands distinctly ahead of Robert Koch both in point of time and 
of genius and I say this without desiring to minimize in any way 
the great researches of the latter. Like Spinoza he was intoxicated 
with his work. ‘‘We must never be satisfied,’’ he said, ‘‘ with , 
we have already acquired.’’ 

He attends a great dinner of chemists given by Thénard 
honor of Mitscherlich, who is visiting in Paris, and what he | 
away of most value is that there is a factory in Germany 
can get once more the problematic racemic acid. Later he . 
all over technical Germany and Austria seeking it. The result 
of his first three days in Leipsic in 1852 are recorded in a |! 
to his wife as follows: ‘‘Dear Marie: I can not await t 
my researches, but must write you again. Yet I have not! 
tell you except that I have not left the laboratory for three 
and all I know of Leipsic is the street that leads from the hot, 
to the university. I come back at night, get my dinner and 
to bed.’’ This is how Pasteur saw Leipsic, but in Dresden he } 
to wait for a train, and another side of his nature came uppern 
for he says: ‘‘I have passed four remarkable hours in t 
leries marking the pictures I like +, double +, triple 
quadruple +.’’ It would be interesting to know what pict 
liked. 

At another time he silences those who ask what pract 
plication he expects from his discoveries with the words of Frar 
lin to other ‘“‘hard-headed, practical people’’—‘‘ What 
baby when it is first born?’’ If those who derided Frankli 
his kite could see what has been done with electricity in 
times they would hide their heads, as would those who sneers 
Pasteur. 

To another who remarked to Pasteur, ‘‘It was a mere char 
he replied, ‘‘Chance favors only those who are prepared | 
advantage of it.’’ 

Soliciting academicians for votes he calls ‘‘Un vilain met 
Pasteur was a man of high ideals and his patience a! 
power of concentration were remarkable. The diligent in busine 
shall stand before kings! Was ever a truer saying or ever a great 
example of it than Pasteur? The curse of the world to-day is the 

desire to shirk honest, long-continued hard work. No n 
organization, no nation that follows this course, can succeed | 
endure very long—it is the path to individual and national decay, 
and a great many persons and groups of persons in various cou! 
tries are now headed in that direction. 

Pasteur hewed to the line through a long series of years and at 
the close of his life we hear him still saying, ‘‘Duty ceases only 
when the ability to labor is at an end.’’ 
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He was a good son and brother, a good husband and father, 
a good friend and neighbor, a penetrating observer and persuasive 
lecturer, but he was much more, for, especially in the second half 
of his life, the interests of a sick and suffering humanity were 
always knocking at the door of his heart and making of him more 
and more a great philanthropist and humanitarian. 

He was a veritable A®neas of filial piety. In 1865 he writes to 
his wife: ‘‘The poor grandfather is no more, and this morning we 
have placed him in his last resting place at the feet of the poor 
little Jane. I have thought all day of the goodness of my father. 
For 30 years I have been his constant and almost sole preoccupa 
tion. I owe everything to him. When I was young he withdrew 
me from bad companions, taught me to work and set before me 
the example of a very loyal and productive life. By the distine 
tion of his spirit and his character this man was much above his 


t 


position in life, if we judge things as the world judges. He was not 


deceived ; he knew very well it is the man that honors the position 
and not the position that honors the man. You did not know 
him, my dear Marie, in the days when my mother and he toiled 
so laboriously for their dear children whom they loved so much, 
for me especially, whose books and months in college and pension 
at Besancon cost dear. I see him still, my poor father, instructing 
himself without ceasing in the leisure left from his manual labor, 
or designing and making wood carvings. He had a passion for 
knowledge and study. I have seen him studying grammars, pen 
in hand, comparing them and making notes to have at 40 and 
50 what the hard fortune of his early years had refused him. But 
the books he loved best and read most were those that recalled 
the facts of the great imperial epoch which he had served in his 
time on the fields of battle and which had renewed society. 
Good-bye, my dear Marie, and my dear children. We shall speak 
often of the grandfather of Arbois.’’ 

To a young man of good parts who complained of ill treatment 
he writes: ‘‘The discouragement in your last letter is not worthy 
of a scientific man. Do your duty as well as you can and don’t 
worry about the rest.’’ 

Pasteur was a religious man, born and bred in the Roman 
Catholic communion and remaining in it all his life, but I have 
never discovered in him any great liking for ecclesiastics. Their 
methods were not his. He always insisted on the absolute freedom 
of the scientific man to investigate truth in every direction without 
reference to consequences, and untrammelled by any religious or 
philosophical notions. He said: ‘‘Three dominating ideas of an 
unselfish life are God, country and liberty (1883).’’ 

Science, he said, deals with facts, secondary causes, phenomena. 
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Search for a first cause is not within the domain of se 
succeeded the indefatigable, great and good Littré in the 
francaise, and speaking on Comptism he said: 

‘*Beyond this starry vault, what is there? Other st 
So be it! And beyond? The human mind, urged by an in 
force, will never cease to ask: What is there beyond 


no purpose to reply: Beyond are limitless spaces and 


grandeurs. No one can understand these words. He 
claims the existence of the infinite, and none can escape 
mulates by this affirmation more of the supernatural t! 
in all the miracles of all the religions for the notion of 
has this double character: It impresses itself on us a 
comprehensible. When this notion takes hold of the 
ing we can only bow down before it. The idea of God 
of the idea of the infinite. So long as the mystery of 
shall weigh upon the human mind, temples of worshi; 
raised whether the god be called Brahma, Allah, Jehovah 
and on the floors of these temples, you will see men knee 
trate, swallowed up in the thought of the infinite.’” 

To students he said: ‘‘Young men, ... live in 
peace of the laboratories and libraries. Ask yoursell{ 
have I done to repay my education? Then, as you ady 
have I done for my country? And finally, perhaps, you s 
the immense happiness of reflecting that you have cont 
some measure to the progress and well-being of huma: 
whether your efforts are more or less favored by life 
have the right to say as you approach the great end: | 
what I could.’” 

Science went begging in the France of the forties : 
other country. Even the greatest men had meager i! 
mere hovels to work in and yet they produced many a1 
results. Pasteur received room and board and 300 fran 
for his first work as a teacher and thought that too n 
for the services performed. At Strasbourg he bought 
equipment out of his own purse (prize money). Even : 
years of teaching in Strasbourg and Lille when he cam: 
fessor and sub-director of science studies in his belov 
School in Paris he had no assistant, very little money ! 
tus and chemicals, less than the least well-equipped instit 
this country can boast, and quarters only to be compared 
stable or a shanty, but he had what many of us lack, 
indomitable will and the determination to make the most 


2 Academy Discourse, April 27, 1882. 
8 Jubilee Discourse, December 27, 1893. 
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best of everything. Not a little of his early success was due to the 
kind of friends he made, but he was able to win and keep the 
friendship of the greatest scientific men of France, such men as 
umas, Biot, Balard, Saint Claire Deville, Claude Bernard and 
hénard, only because he was himself genuine, had already made 


D 
7 
s 


notable discoveries, and gave promise of a brilliant future. From 
the time he entered the Normal School as student in 1843 until 
his death in 1895 his life was a long series of triumphs, of splendid 
liscoveries, and of private and public gratulation. All doors were 
open to him, academies elected him, royal societies honored him, 
universities invited him to lecture, medical societies gave him hon 
orary membership, surgeons and heads of technical industries con- 
sulted him, the Emperor sent for him, the Parliament granted him 
an annuity for life in recognition of his public services and later 
doubled it, but through it all he remained the same simple, un- 
affected, honest man searching for the truth in every direction and 
especially eager to discover and destroy the causes of the great 
human and animal plagues which he believed to be due to various 
undiscovered ferments. 

Pasteur has been accused of being callous to the infliction of 
pain and has been called an ‘‘archdevil’’ by some of our friends 
and neighbors who love cats and lap-dogs more than they love 
children and a suffering humanity. But beyond all doubt, like his 
father, he had a tender heart for all who suffer; and who can 
measure the alleviation of pain his researches have brought to 
mankind and to some of those lower forms that have no voice but 
acry! A hundred anecdotes show his sympathy both for men and 
animals, I have space for but one. To-day, death from puerperal 
fever is the rarest of diseases. In Pasteur’s time it was the com- 
monest. Every third mother in some places might expect to die 
in childbirth. Imagine, if you can, the lecture room of the Acad- 
emy of Medicine full of learned doctors peering over their spec- 
tacles in amazement at his temerity as he interrupted and con- 
tradicted one of their greatest, saying, ‘‘the cause of this disease 
is not at all what you think it is, but it is a germ. I have seen 
it, and this is its shape [drawing it] and you carry the disease 
from patient to patient on your hands and on your instruments.’’ 
What should a young chemist know about puerperal fever! yet he 
was right and they were wrong, and in his vision he saw a multi- 
tude of mothers needlessly sacrificed who could be saved and now 
are saved. Should not the women of to-day rise up and call him 
blessed? Yea, verily! Suppose he destroyed some experimental 
animals in learning this great truth. We destroy multitudes of 
animals, and often very painfully, merely to wear feathers on our 
hats, furs on our backs and gloves on our hands or to eat more 
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flesh than is good for us, and often, too, for the mere pleasure 


the killing, as in a great deal of hunting and fishing; but he ang 


his kind, down to this very day, only for a large service to 
manity and to the domestic animals. Small wonder, too. that 
was earnest almost to rudeness before these doctors, as frequent 
in other discussions, when he saw the truth set aside and 

exalted. He was a rude and fierce debater, and one polemic { 
lowed another in quick succession. The love of truth compe 


err 


him, a certain inheritance drove him. To opponents of his erysta 


lographical views he shouts: ‘‘If you know these things, whe 


is your conscience? If you do not know them, why do you medd 


with them?’’ And afterwards, as they went home tozet! 
Duclaux made him laugh by saying: ‘‘I half expected to see y 
throw the models‘ at their heads.’’ Again he says of Pouchet 
his followers: ‘‘I have the truth on my side. They do not k: 
how to experiment. It is not an easy art.’’ 


I could multiply such examples. There are many in Duelaux’s 


wonderful book, ‘‘ Pasteur, the History of a Mind,’’ and in Re 


Vallery-Radot’s ‘‘Life of Pasteur,’’ both now available in Eng 


lish. Pasteur Vallery-Radot, the grandson, is also edit 

finitive edition of the writings of Pasteur, something long need: 
In addition I have only time to touch for a few moments 

some of the high lights in his scientific progress. Pasteur bega: 


a chemist, he finished his career as a human pathologist. Along 


the way he was a physicist, a mineralogist, a microscopist, a 
tologist, a mycologist, a bacteriologist and a protozoologist. 
studied all kinds of fermentations that came to his hand, alco! 
acetic, lactic, succinic, butyric, and types of microorganisms 

bie or anaérobic) that are involved. Milk, beer, wine, vinegar a! 


} 


the decay of meats, fruits and vegetables interested him by turns 


He and his students revolutionized the dairy industry, beer b: 
ing, wine-making and the production of vinegar. The study 
the diseases of silkworms led him to anthrax and chicken ch 


and wound-infections, and these led him to rabies; and all ties 


studies led him to vaccines and sterilization by heat and by gern 
cides and gave him wonderful glimpses of a promised land w! 


era 


we have begun to enter into and occupy, but the wonder and 
wealth of which are still only imperfectly realized, especially 4 
related to the public health. In his book on ‘‘Diseases of Silk- 
worms’’ (Tome I, page 99), Pasteur says: ‘‘It is within mans 


power to rid the world of parasitic diseases, if, as I believe, ' 
doctrine of spontaneous generation is false.’’ So vast was ! 
dream! We shall never quite accomplish the extinction 0! 


ay 


4 Gigantic models of his crystals. 
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parasitic disease, there are sO many unsuspected carriers of dis 


ease and other uncontrollable factors involved (inheritance, for 
example,) but we have already reduced some of the great scourges 
of mankind to small proportions, e. g., smallpox and yellow fever, 
and many other similar triumphs must follow when the public are 
willing to trust the scientific man and put into practice what he 
already knows. Pasteur glimpsed all this. 

Much of his work, of course, was done by means of assistants 
but he was the man at the helm. We are filled with amazement 
at what he accomplished, especially when we remember his handi- 
cap. His mother died of apoplexy and he suffered a hemiplegia 
of the left side when he was in the midst of his silkworm studies 
in 1868, so that for some days his life was despaired of but grad- 
ually he recovered and was able to limp about, undismayed and 
thrice determined. Indeed, all his greatest work was done in the 
27 years that followed the first paralytic stroke which would have 
been a knockout blow for most men. He is a great example of 
will-power directed to noble ends. 

Finally, when so many things are being said against France, 
it is well to recall not only what she has endured but what she has 
given to the world. To me she is to-day intellectually and morall 
and scientifically the greatest nation on the continent of Europe 
and I resent anything said against her. Rather let us praise her 
fortitude, glory in her great men and join hands with her when- 
ever we can. 
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FURRED FOREST PLANTERS 
By Dr. J. V. HOFMANN 


WIND RIVER FOREST EXPERIMENT STATION 


HE forester must provide for the utilization of the forest a 
T at the same time, insure its perpetuity. The manifold factors 
which influence regeneration must be known and their direct or 
indirect effects considered in any attempt to control or insure 
generation. These factors may be climatic, edaphic, or biotic 
Unfortunately, the biotic factors have generally been class 
among the destructive factors, and the rodents and some species 
of the bird population of the forest have come to be considered 
nuisances and their extermination ruthlessly advocated. 
whose forest visits and camp life have been made miserable | 
the aggressive companionable natures of these woodland inhal 
tants have a personal grudge to settle, and those who have see! 
their favorite plantings of seed serve as a festive celebratio: 
which, apparently, no race or color lines were drawn can tolerate 
no leniency in their sentence. This ‘‘hard-boiled’’ lot is joined by 
the group who have made their plans to collect forest tree seeds 
and then found the program of the rodents was along the same 
line at a considerably earlier date. 

This antagonistic feeling has become so deep seated that th 
rodent is condemned without the committal of an overt act. Here 
the old adage that ‘‘a little knowledge is a dangerous t! 
should be revived and the rodent given a fair and impartial trial 
for his life. 

The gray squirrel is condemned in California because it de 
stroys practically all of the sugar pine seed. This fact is easily 
checked and need not be questioned. Yet reproduction of sugar 
pine has become established there in the past as have also the 
present stands of timber of this species. These stands were very 
probably planted by the squirrels, and the reason that reproduc 
tion fails in these regions now may be due to the unbalanced re- 
lation of the number of squirrels and amount of seed produced. It 
is a well-known fact that rodents will cache supplies which they 
depend upon for food during the year; consequently, for repro- 
duction, there must be a surplus of seed over and above the food 
supvly of the rodent population. 


re 


} 
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A change of equilibrium may be brought about by the destrue 
of the rodent’s enemies, such as hawks, owls, weasels, snakes, 
ts, badgers, skunks, minks, coyotes, ete., and also by reducing 
che number of seed trees to the point where the supply of seed 
lees not exceed the demand. 

| The distribution of the black walnut is attributed almost e: 

swsly to rodents. The reproduction from cached nuts in open 
fts f crass or near logs and stumps are direct evidence of rodent 
es. The same condition is evident with other nut-bearing 
cies, such as the oaks, hickory, ete. Where seedling of those 
.s occur on slopes above the parent tree and in localities where 


nT 


nodDce 
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there is no immediate other source of seed, it is plain that the ro- 
iont has contributed a part of his, stored food to the cause of 


forestry. 

Distribution of western yellow pine in Montana, Idaho and 
Oregon has been found to be due in many instances to seed cached 
by rodents. Mice are very instrumental in this work because they 
eache individual seeds rather than cones. Chipmunks do this also 
by selecting a different place for caching each mouthful of seed 
which they gather. In this manner the yellow pine seedlings be 

me established on the grassy slopes where seed that merely fal!s 
n the surface would not have a chance for establishment. 

Direct seeding of coniferous species has been practically aban- 
loned in the National Forests, due almost exclusively to the de 
struction of the seed by rodents. In all experiments the results 
have shown that the number of rodents present on the areas would 
onsume many times the amount of seed sown. Poisoning has been 

rtially suecessful on local areas but has not been found prac 
tical. On the Pike National Forest in Colorado caches of poisoned 
grain of one pound and less were found. This shows the instinct 
for hoarding even before a full meal has been eaten. 

In the Douglas fir forests of the Pacific Northwest rodent life 
is very abundant and is an important factor in forest manage 
ment. Research has determined that the even-aged stands of re- 
production, which occur over large areas after forest fires, are due 

) seed which was stored in the forest floor before the fire and 
retained its viability through the fire. That this seed storage is in 
a large part due to the rodents is emphasized by the occurrence 
of reproduction in groups from caches in some instances, and most 
ov by the occurrence of stands having up to 40,000 seed 
lings per acre where all the litter and duff has been consumed by 

fire and no seed trees are left on the area. 
mean found to be the condition on the Cispus burn of June, 
en examined in July and August, 1919. This fire covered 
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about 150 square miles north and west of Mount Adams 
Rainier National Forest. The fire occurred so early in the 
that there was no possibility of seed production in 1918. The 
burned over included largely a 1902 burn which had 
generally with a good stand of reproduction. 

In the 1902 fire some groups of trees escaped which 
green until the fire of 1918. Where these isolated groups of | 
were killed in 1918 there was no source of seed left ex: 
wii¢h had been produced in 1917 or earlier by these tree 
reproduction occurred under such groups of killed trees 
out from them, even where the duff was completely 
the surface of the light pumice soil showed that it had bee: 
burned. Seed which had merely fallen from the trees w 
had no chance of escaping such a fire because it would ha 
in the litter and humus. The present stands of young ¢ 
occurring on these areas, therefore, must be credited 
tirely to rodent-cached seed before the fire which 
deep enough to escape the fire. The planting of seed i 
soil is also a decided advantage in the establishment 
lings in such localities. 

During the dry season the surface soil dries out 
where the water content is less than the requirement of s 
consequently, it is essential that the seedlings forn 
systems before the dry season. Seedlings in the miner 
a better chance to develop deep root system than those t! 
nate on top of the duff. 

During the caching of seed a large per cent. of 
eaten, and in years of light seed production there is p: 
little left, excepting such caches as can not again be locat 

Tests have shown that humus is among the mos! 
mediums for disguising the odor of seed. When seed \ 
with one and one half inches or more of duff mice would 
miss it, although in mineral soil they would find it at 
depth. This would have direct application in caches \ 
left beneath the duff in the fall and all traces of whic! 
obliterated by snow and rain before spring. 

Rodent activity ofte: accounts for the lack of rep: 
from scattered single seed trees. The failure of seeding 
single seed trees has been noted in many instances in the Douglas 
fir region, also on the Pike National Forest and Minnesota \ 
Forest. The white-footed mouse of the Cascade region has ! 
found to consume 300 Douglas fir seeds per day, and the 
munk 600 seeds per day. From these figures it is readily s 
only a few rodents would consume the entire crop of seed from 
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scattered seed trees where the average seed production is 20,000 
seeds per tree as is true in this region. 
Rodents, apparently, do not carry seed to any great distance; 


consequently, they can not be depended upon to restock areas which 


are cut over or burned at distances more than about 300 feet from 
seed trees. Single instances of distribution to great distances by 
birds or animals no doubt occur. 

The close relationship of the animal life of the forest and the 
forest itself brings out clearly the benefits which each derives f.om 
the other, and also emphasizes the broad general interdependence, 
while the problems of control and damage are local and specific. 

The benefits of redent activity in the regeneration of forests 
are usually indirect and not as noticeable as the damage, and too 
often judgment is passed where only the destructiveness of the 
rodents is considered. These factors should be carefully investi- 
gated and weighed against one another before the rodent is pro- 
nounced a nuisance or a benefactor in any forest region. 

While the rodent has been considered the enemy of the forester, 
it is evident that he has played a large constructive part in the 
success of the natural regeneration of forests. 
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CERTAIN ECONOMIC REACTIONS OF THE 
WAR’ 


By Professor JAMES MAVOR 


UNIVERSITY OF TORONTO 


TUDY of reactions of a specific force upon any system in\ 
preliminary estimates of the character of the system | 
the force in question began to act upon it. The conditions « 
address render a serious survey impracticable. I shall there! 
assume a general knowledge of the character of the Europea: 
American economie systems as they were when the outbreak of 
occurred ; but I wish to direct attention briefly to the following 


GROWTH AND MOVEMENTS OF POPULATION 


The population of Europe grew during the past fifty yea 
the average rate of about one per cent. per annum; towards t 
close of the period, the rate exhibited a tendency to increase. 
rate of increase of urban population was much greater than that 


of rural population, even in countries predominantly agricult 
like Denmark. Emigration from some countries, notably Ger 
many, declined in the fourth quarter of the nineteenth cent 
Emigration from Austria and Italy declined during the first 
of the second decade of the twentieth. 

Periodical migrations assumed large proportions. Thus, : 
a million Italian contadini customarily left Piedmont and L 
bardy every year for the South of France to assist in the harvest 
and a similar number of Russian laborers customarily left Russia 
for Germany for the same purpose, both large groups returning 
when the harvests in the respective countries were over. Withu 
the countries mentioned, Germany, France, Russia and I! 
there was also extensive temporary migration during harvest t1 


DEVELOPMENT OF TRANSPORTATION 
While movements of population do not necessarily depend 
transportation facilities, for many of the great migrations of 
tory have been eonducted with the most slender means, rail 


fran 


and steamships have facilitated these movements, especially | 


1 Address of the vice-president and chairman of the Section of t! 
and Economic Sciences, American Association for the Advancement ‘ 


Boston, December, 1922. 
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Europe to America. The pressure of population in Austria, 
example, and particularly in Galicia, was materially relieved by 
the cheap zone tariff on the Austrian railways and by extremely 
low competitive fares on connecting railway lines and on ocean 
steamers. It was possible for Galician peasants to emigrate, eve) 
although they possessed almost no capital. Their emigration re- 
lieved the pressure of population, raised the wages and standard 
of comfort of those who remained and contributed to reduction 
of land rents. In Southern Italy emigration had the same con- 
8 quences. 


DEMAND FOR COMMODITIES 


Increase of urban population in every country in Europe in 
greater proportion than the increase of rural population involved 


increased industrialization, and although wages were naturally 
influenced by the growing stream of workers, the means of the 
latter were enhanced and therefore their capacity for consump 
tion became greater and more varied than it had been in the self- 
contained rural villages. Increased profits arising from in 
ereased production rendered possible by the influx of laborers « 
larged the means of the middle classes and enabled them to live 
at a higher standard of comfort than that to which they were for- 
merly habituated. Thus manufactures, imports and exports were 
subject to rapid increase during the fifty years immediately pre- 
ceding the war. 

The industrialization of Europe meant increasing dependence 
for food upon less highly industrialized regions. Imports of wheat, 
rice, tea, coffee, sheep and cattle from North and South America, 
China, Japan, India, Australasia and North and South Africa 
formed a large proportion of the foodstuffs of Europe. 

An industrial community requires not alone food, but also raw 
materials. The more complex industry becomes the more widely 
extended must be the area from which these materials are drawn. 
Many of the raw materials of modern industry are drawn like 
rubber and cotton from tropical or semi-tropical countries, or like 
timber from regions remote from the seat of the industry. If the 
supply of raw materials fails for any reason, unemployment ensues 
and a strain is imposed upon the social system. The danger of 
such a situation was not unforeseen; e. g., the British government 
appointed in 1903 a commission on food supply in time of war. 
This commission published in 1905 a series of valuable reports 
which showed how narrow a margin of safety existed in a highly 
industrialized country like Great Britain. The commission found 
that in 1870 the proportion of imports to consumption of wheat was 
1.4 per cent.; in 1880, 8 per cent., and in 1900, 25 per cent. It 
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was also found that in only four years out of eleven years in 
diately precedimg 1904 was there always a sufficient su) 
wheat in warehouses at the ports to provide for two and 
weeks consumption. Germany and France were not indust; 
ized to the same extent as Great Britain, yet they were vu! 
in the same way. In these countries, also, the urban popu 
had grown at the expense of the rural, the production of fo 
had relatively declined, imported foodstuffs and raw 
were composing increasing proportions of the total consu 

Even in times of peace, the margin of safety was smal] 
disturbance from the normal flow of commodities produ 
ship. Thus in Great Britain there was a sharp scarcity 
in consequence of the Leiter operations in wheat in the 
market in 1898, the supply being affected from June 
of that year. 

MOVEMENTS OF PRICES 

The characteristic of the period of about seventy years 
close of the Napoleonic Wars till the middle eighties 
of prices. The purchasing power of gold increased ste: 


withstanding the increase in the production of gold » 


in 1849. 
From the middle eighties until 1914, a period of 
years, the purchasing power of gold diminished, prices 


higher owing in general to two concurrent causes—the 
demand for commodities without proportionate increase 
tion and the increase in the amount of gold available f 
of circulation. 
THE CURRENCY SYSTEMS 

Increase in the production of gold from 1886 enabled Ew 
governments and European bankers to accumulate gold 
to a much greater aggregate amount than had previously 
possible. The currencies of Russia, Austria and Italy | 
depreciated on the foreign exchanges for many years. Bb; 
ginning of the twentieth century the currencies of 
countries reached the par of exchange. Great Britain 
long period adopted the policy of merchandizing gold rather t 
storing it. Her bankers have looked upon dealing ld 
more profitable than keeping unnecessarily large stocks 
France has for long adopted the policy of warehousing go 
of checking exportation of it by imposing a premium when ¢ 
is withdrawn for export. The other continental countries in ge! 
eral followed the example of France. The possession of larg’ 
gold reserves against their issues of paper currency gave the 


ha 
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- of all of the European countries stability and the fluctua- 


NOT 
reney 


ons in exchange were due entirely to the demand and supply of 


. instruments of exchange from day to day. These fluctuations 
were not caused by increase in issues of paper, because these in 
ereases, When they did take place in obedience to public demand 
for them, were based upon a sufficient gold reserve to remove any 
ht as to their convertibility into gold if the holder so desired. 


WAGES AND CONDITIONS OF LABOR 
The influx of laborers into the towns which was going on with 
.ecelerating speed towards the close of the period tended to keep 
wages down in spite of the demand for commodities. In those 
eountries in which the cities were not readily susceptible of rapid 
expansion, the conditions under which the laborers lived were often 
leplorable. Even in those countries where public authority, 
vate enterprise or private benevolence grappled with the ques- 
tion. there was much overerowding in the industrial centers and a 
very definite tendency towards deterioration of the industrial popu- 
lation. Neweomers did not easily adjust themselves to the life of 
the city, and even if they could have done so the conditions of the 
ity were not favorable for rapid absorption of increasing num 
bers. By the close of the period real wages had in general in- 
eased with the increase in the production of commodities and 
some of the causes of fluctuation of employment had been brought 
under control by skilful administration of industrial enterprises. 
Limitation of the hours of labor of women and children by law 
had been provided by the earlier factory acts; but the principle 
had not been extended to adult male labor. Demands for an eight 
hour day in certain industries began to be formulated, especially 
England. Later these demands became almost universal 
throughout Europe. So also demands for the institution of a legal 
By 1914 these 
projects were being urgently pressed by the representatives of 
labor. It appeared as though the industrial world was returning 
to the restrictive conditions of the 18th century. 


LaBoR MovEMENTS 

By labor movements, I mean the grouping of laborers in trade 
unions or other forms of combination for the purpose of making 
collective demands or arriving at collective bargains. For the first 
half of the past hundred years, combinations of laborers were 
forbidden or discouraged in almost all countries. So also were 
combinations of capitalists. Both were forbidden on the ground 
that so¢iety as a whole might suffer through combined action re- 
sulting in what was regarded as artificial conditions in which 
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wages and prices were higher than they would have be 
been no such combination. About fifty years ago 
stacles which were in the way of joint stock enterpris 
moved and although some of the restrictions upon the « 
of capital remained upon the statute books of most « 
these fell into desuetude. Legal restrictions upon labor 
tions remained longer, but in the third quarter of t 
century they disappeared in England. Labor moven 
countries were given at this time a great impetus. Alm: 
movements led to the emergence of two factions 
sisting that in order to improve their condition it was 
for the laborers to influence or even to control legis! 
and governments, and the other that the laborers sho 
cern themselves with politics but should devote themse!| 
promotion of economic means for the improvement of t 
The first faction leaned towards collectivism or towar 
tarian government which might or might not be collect 
second towards trade unionism, towards strikes or t 
ealism or even towards ‘‘l’action direct.’’ 
MOVEMENTS OF CAPITAL 

By this I do not mean a capitalist movement as . 
labor movement, but the movements of capital fron 
to another and also certain changes in the manipulati 
which characterized the period immediately before 
transference of capital on a very large scale from Gre 
and France to other countries had been going on 
years up till 1914. I need not trouble you with statist 
investments; they can be readily obtained from 
authorities. The field for investment in Great Britai 
though large, is, nevertheless, comparatively limited 
former especially was able to conduct her world-wi 
largely because of her world-wide investments. Great 
plied the greater part of the capital by means of whic! 
ican railway system was recreated after the Civil War 
same time she was building railways all over Europe 
many of the high buildings in the United States cities 
financed by the British insurance companies and other 
institutions. France has also played a conspicuous 
nishing capital for foreign enterprises. The annual 
in the capital available in the market for borrowing w! 
two great saving countries supplied were to he cou! 
were counted upon in the finances of all countries. 


had for some years been accumulating foreign invest! 
the whole period of the history of the United States 
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they were borrowers, and there were therefore at that date im- 


mense sums of foreign money invested in them. 

Changes in the manipulation of capital occurred chiefly in con 
nection with joint-stock enterprise. The corporation took the place 
of the individual employer, and combinations of employers were 
followed by combinations of corporations. The formation of very 
large corporations appeared at times to be determined by economic 
necessity. Such combinations were not confined to the United 
States. Trusts in Engiand and cartels in Germany were formed 
in the same manner and for the same objects. So long as these 
corporations did not come into direct relations with the general 
publie, their formation and the methods with which they conducted 
their business did not excite any public apprehension. But those 
corporations, such as the railroads, street railways, electric power 
and lighting companies and the like, whose services are utilized 
by every one, were peculiarly open to public criticism and attack. 
The furore against corporations attained its full vigor about the 
end of the nineteenth century. Then began reversion to the legis- 
lation against combinations of capital which I have noticed as be 
longing to an earlier time. 

Mosiuity or Property in Lanp 

In the United States, especially during the past fifty years, 
property in land has been relatively mobile. Land changes hands 
with frequency. In Europe, this was not generally the case. The 
possession of landed property was, even in the case of small hold- 
ings, hereditary. Ownership of land had a certain honorific value. 
The landowner enjoyed a social distinction denied by the people 
in general to those who were not landowners. This condition ex- 
isted all over Europe, but it was especially observable in Eastern 
Europe and chiefly in Russia, where the landowners occupied a 
privileged position under the sanction of the law. 

PuBLic OPINION REGARDING THE Limits OF FUNCTIONS OF THE STATE 

Publie opinion on the functions of the state has been subject to 
great variations during the past hundred years. At the beginning 
of the period, the state was looked upon as a necessary evil—an 
institution which was to be tolerated in the exercise of those fune- 
tions which could be exercised by the state alone; but every at- 
tempted encroachment of the state upon private liberties was to be 
resisted. The governments of even so-called democratic states were 
often offenders against liberty ; therefore, they should be confined 
strictly to the sphere which indisputably belonged to them. 

The Germans were really the first to take a different view of 
the state and its functions. This view probably had its real origin 
in the conception of the unity of the state and in the still earlier 


Vol. XVI—19. 
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unity of the tribe. The Germans were driven to this view by the 
poverty and depression of Germany in the period immediately « ; 
ceeding the Napoleonic wars. The German philosophers of 
time, at whose head stood Fichte, saw that the people would n, 
emerge from the pit into which they had fallen without organize; 
means. There was an existing organ whose function might fair); 
be regarded as including the ordering of the whole life of the peo 
ple in such a way as to make them economically prosperous and 
politically stable and powerful. This rudimentary view was ¢, 
veloped by Hegel into a state philosophy in which the state becay 
personified into a kind of beneficent Providence, an economist 
the sense of energetic housekeeper who managed everything fo, 
everybody, who was always at everyone’s call for services of 
kinds. Undoubtedly for depressed Germany such an idea had 
validity and its fruitfulness. By means of it the Germans ros 
from the dust and became a great and powerful people. But t 
state is not merely an abstraction; it is a concrete reality, vis 
in the persons of those who compose the government, and the re 
sources these persons have at their disposal are entrusted to 

by the people to whom these resources belong. It is human t 
and governments of states are human. Thus, at times the tang 
agents of state action were not always beneficent and eff 
housekeepers but often quite otherwise. The state, instead of 
responding to the ideal of Fichte or even to the ideal of Hege 
became an autocratic monster in whose actions it was difficult 
discern any of the moral purposes which it was supposed to pe 
sonify. 

England was slow to adopt the German idea of the state as 
developed in Germany about the middle of the nineteenth centur 
Yet by the year 1870 her legislation began to show evidences 
change. This change did not pass unnoticed. Herbert Spence: 
é, g., denounced it as making for a ‘‘new slavery.’’ But the ext 
sion of the franchise in 1832, 1866 and 1889 had resulted in a new 
electorate which was little used to abstract discussion about t 
limits of state functions. They had been endowed with a voice 1! 
the government of the state and they intended to ask for what th 
wanted and they meant to get it. They were not interested 1 
origins of doctrines; but they were interested in utilizing the m 
chinery of the state for any purpose for which that machiner, 
might be used. There thus began an era of state and municipa 
enterprise—an era in which what were called public services | 
gan to be rendered by state and municipal officials. This era ma) 
be said to have extended in Great Britain from about 1570 t 
about 1903, a period of a generation. Although the enterprises 


that gen 


upon which the state and municipality embarked during that 
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eration have been in general retained, few enterprises embodying 
any new principle were entered upon by either after that time. 
The furore for public ownership began later in the United States 
and lasted longer. 
PusLic INDEBTEDNESS AND TAXATION 

The most important and inevitable result of the expansion of 
state and municipal activities were the expansion of the public 
debt and of the taxation of the public. All countries which adopted 
the view of the functions of the state which I have described, 
either as a reasoned theory or as a ground of practical action, 
added to the obligations of the state, multiplied the state func- 
tionaries and added to the taxation imposed upon the people. 
Several important consequences followed the adoption of this 
policy. Fixed capital, that is, capital invested in factories, houses, 
machinery and the like, was so heavily taxed in Great Britain, for 
example, that the net returns yielded relatively smaller amounts 
for foreign investment and so diminished the flow of capital to 
foreign countries, not absolutely but relatively. Circulating cap- 
ital, if heavily taxed in one country, tended to flow to another 
country, where it was not so heavily taxed. Another consequence 
was that the investment of capital in fixed forms was discouraged, 
and there thus developed a scarcity of house accommodation and 
much overcrowding in the growing cities. As regards debt, the 


competition of public securities in increasing volume with other 
securities in the market depressed all securities and raised the 
rate of interest. There was also manifest a tendency towards 
incurring floating debt in large amounts. 

It is now my task to examine with unavoidable brevity the 
reactions of the war and the peace in these various categories. 


POPULATION AND ITs MOVEMENTS 

During the war the growth of population was affected by the 
enlistment of all the able-bodied men of practically the whole of 
Europe. Men of military age were conscripted and were not per- 
mitted to leave their countries. Migration was suspended. The 
losses of the war diminished the population of every country tem- 
porarily and prevented growth that would otherwise have taken 
place. Experience has shown that after great wars populations in 
general exhibit resilience. They soon repair in a numerical sense 
the damage. The actual loss of men will thus ere long disappear 
from census statistics. Yet the loss of the flower of the youth of 
France, Great Britain and Germany will not soon be overcome. In 
some districts in all of these countries the losses were so great that 
& generation or more may elapse before the numbers of the people 
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through natural growth can recover. There are villages 


land in which at the close of the war there were left onlv 


ized 
women and infants. The mature able-bodied male populat 
been wiped out. 

In the theatre of war there were important movements of 
lation. Holland and Switzerland were both crowded with Fy 
and Belgian and later with Russian refugees. The Belvgia) 
the French population fled from their homes on the advance 
German armies, and the Germans in East Prussia pow 
Eastern Germany when the Russians advanced through t} 

zurian marshes in the early days of the war. So also the 

of the plains of Galicia and Bukowina and later those of th: 
pathian valleys fled before the Russian advance, abando: 
houses and carrying with them their slender portable bel 
The flight of the Serbian peasants through the mountains of 
ern Macedonia when the Austrians advanced into Serbia was 
of the most tragic episodes in Balkan history. When R: 
was defeated, Roumanians poured into southern Russia 
poured back again when the Bolshevik revolution compelled t 
for a second time to become refugees. The Italian farmers 
driven back by the advance of the Austrians on the Piav: 

All these movements have had important economic 
quences for the people concerned in them. Their life was 
up by the roots. Families were disrupted and the produ 
their own industry and that of their ancestors destroyed by shot 
and shell. The devastation of their fields has meant the dest: 
tion of the fruit of centuries of toil. The fixed agricultural 
ital and the fixed capital in dwellings together represent the | 
uct of practically infinite labor. 

Apart from these movements of population as direct 
quence of military operations, while the war resulted 
mobilization of armies the population in general became less mo! 
Traveling was expensive and troublesome, the movements of 
taking precedence of everything, and the movements of civ 
were embarrassed by passport regulations. After the wa 
treaties of peace altered the map of Europe, cut large areas ! 
Germany, Austria, Hungary and Turkey; in some cases 
these areas to already existing countries, as Alsace and Lor: 
to France and a part of Schleswig-Holstein to Denmark, or 
new countries out of fragments taken from the defeated nat 
as Czechoslovakia, compounded of fragments taken from German) 
Austria and Hungary, and Jugo-Slavia, composed of 
Balkan states. In each case various considerations impe! 
makers of treaties to include this or that people with thus o1 
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nation. It was inevitable that some should be dissatisfied with 
this arbitrary method of settling the nationality of individuals. 
Many, therefore, migrated from the region in which they had re 
sided and went to places where they might be associated with their 
own people. More than a million Germans left Alsace-Lorraine and 


Upper Silesia for Germany when these regions were detached from 


the German Reich. Other migrations accompanied by great hard- 
ships occurred in Turkey. Deportation of Armenians and expul- 
sion of Greeks, the consequence of the adoption of a new nationalist 
policy by the Young Turks, of which the slogan is ‘‘Turkey for 
the Mohammedan Turks,’’ led to migrations of hundreds of thou- 
sands of people, accompanied by loss of life and sacrifice of prop- 
erty. These movements are apparently not yet over. Greeks are 
still leaving Turkey and Turks are still leaving western Thrace. 

The disorganization of the economic life of these regions is 
still in progress. Since practically the whole of the trade as well 
as much of the industry and agriculture of Asia Minor have been 
carried on by the Greeks and since the Turk is a landed proprietor 
pure and simple, the economic ruin of Asia Minor is certain, unless, 
adopting the plan of earlier ages, by means of incessant warfare 
or by means of reorganization of the African slave trade, which 
had been put down by Great Britain, the Turk is able to secure the 
number of slaves necessary to ensure production. 

The reaction of the war upon population within the theatre of 
war has been in short the pulverization of it, its economic life has 
been destroyed and the people have been dispersed. 

Revolution has had a similar influence. The Russian Revolu- 
tion, owing to its special character, has resulted in the flight of 
about two million Russians. Of these some have gone to Turkey, 
where large numbers found a refuge in Constantinople, to Japan, 
Italy, France, England and America. The flight of so large a 
number of people has compromised the economic life of Russia and 
has contributed with other causes to altered character of industry 
and trade in that country. 

In consequence of all these movements, the margin between the 
birth rate and the death rate, which, apart from migrations, con- 
stitutes the natural increase of the population in any area was 
disturbed in all the European countries. 


TRANSPORTATION 
Ocean transportation was paralyzed by the war, partly through 
the commandeering of shipping for military purposes, partly 
through blockade, and partly through the losses from the U-boat 
campaign. On land the railways—where these were in the hands of 
joint-stock companies—were taken over by the governments. The 
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railways of all countries were taxed to the utmost in the conveyance 
of troops and munitions. During the war, shipbuilding went , 
with unprecedented speed, new railways were built and new tele 
graph and telephone lines were erected. After the United States 
went into the war, practically the whole telephone system of Fra; 
was reorganized by the American Telephone and Telegraph | 
pany. 

As the event proved, adequate importance had not been at 
tached to the possibility of an unrestricted submarine campaign 
against mercantile shipping. The adoption of the U-boat 
by Germany was not carried unanimously. On the contrary, n 
general the German statesmen are understood to have been opp 
to it on account of the political effect. 

When the war began the British government brought 
operation at once a system of insurance against war risks w) 
had been long before prepared for the contingency of war with ; 
maritime power. The subject had been fully discussed in 1904-5 
and a plan was shortly afterwards devised. 

In its earlier phases, the submarine inflicted great damage u 
shipping and compromised the carrying trade, especially of f 
and passengers. The conveyance of troops and munitions was 
never seriously menaced. In time the menace of the U-boat was 
diminished by successful detection and sinking of large numbers 
of boats, so that the provision of crews became almost impossible 
The last U-boat to be sunk at the entrance to Scapa Flow was 
found to have been manned entirely by naval officers who had 
volunteered for a service which ordinary seamen looked upon as 
involving certain destruction. 

When the German mercantile navy was handed over to t 
Allies, the amount of the world’s shipping had somewhat dimin- 
ished, but the ocean commerce had diminished in greater prop 
tion. The shipping companies entered into agreements to main- 
tain freights by laying up ships. Building was arrested. At the 
present moment (December, 1922) the shipbuilding yards of Stet 
tin and Hamburg are filled with ships in course of construction 
It can not thus be long before a new German mercantile marine 
will challenge the Allied lines in all neutral ports as well as 
those Allied ports which may be open to them. Freights will then 
inevitably decline. Great Britain took over the railways on cer- 
tain terms from the companies and handed them back after : 
war was over; so did the United States. The German railways had 
for the most part belonged to the constituent states of the Germa! 
Empire. When they were taken over by the Imperial (over?- 
ment, that government assumed all obligations attached to them 


he 


+he 
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The several states were both unable and unwilling to reassume the 
burden and the railways thus remain in the hands of the Reich. 


DEMAND FOR COMMODITIES 

On the outbreak of war there was a sharp decline in demand 
for commodities in general consumption. The urgent demand was 
for ready money, and goods and stocks were sold for what they 
would fetch. This phase soon passed over. The chief effect of the 
war was the change in the commodities which were demanded— 
cloth for uniforms, rifles, guns of large calibre, unheard-of quan- 
tities of shot and shell and food for the armies. These were the 
commodities in urgent, increasing and eventually enormous de- 
mand. The greater part of the supply corresponding to the de- 
mand it was the task of Great Britain to organize. From the be- 
ginning large amounts of ammunition were manufactured by the 
United States, Canada and Japan, but the bulk of the supplies 
of uniforms, arms and munitions for the British Army, as well as 
a large part of those for the French and Italian armies and even 
for those of the United States, was supplied by Great Britain. 
The demand was so urgent that extremely high wages were paid, 
notwithstanding the fact that the working class was recruited by 
large numbers of women and by men not of military age who did 
not belong to the ranks of manual labor. Even so, specially skilled 
men had to be withdrawn from the trenches in order that those 
who remained might be supplied with munitions. During the final 
year of the war the production of military stores was over- 
whelming. 

In order to produce this result, practically every industrial 
establishment in Great Britain had to be reorganized. This was 
not the task of the government or its officials; it was the task of 
the heads of businesses. On the outbreak of the war the British 
government set aside a large sum of money for the purpose of fa- 
cilitating the transition of industry from a state of peace to a state 
of war. This amount was lent to the industrial establishments and 
repaid by them out of the profits of war contracts. Then, when 
the war was over, these industries had to be once more reorganized 
for the purposes of peace after four years of war. The former 
channels of trade had to be reopened, manufacture of customary 
products had to be resumed. 

What occurred in Great Britain occurred in a more or less 
similar fashion in all the belligerent countries. New factories for 
the production of war material were built in Germany and Austria 
as well as in England, France and the United States. 

Demand for the necessaries of life became acute in all the 
countries affected either by the British blockade or the German 
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submarine campaign. The former was by far the more effec: 
It rendered sea-borne traffic to Austria practically impossil 

it rendered sea-borne traffic to Germany very difficult 
through Sweden a certain amount of traffic was sustained t 
out the war. 

The fact that every country in proportion as it was ind 
ized was compelled to import increasing quantities of food 
the widespread belief that a modern war must be of short 
because no country could long survive a blockade. In this | 
the endurance of mankind under exceptional circumstances 
unduly underestimated. In all of the belligerent countries 
was shortage of food. The fighting forces of the Allies, wit 
exception of those of Russia, were throughout well supplied 
fighting forces of Germany and Austria were also well sup; 
In all of these countries, however, the civilian population sufi 
hardship, increasing in gravity as the course of the war lengt 
Certain commodities which have become necessaries of lif 
as fats, sugar, etce., were latterly almost unobtainable in (; 
Europe. In all countries rationing systems were adopted. 

Demand for commodities as it existed in 1913 has by 1 
been resumed. The purchasing power of the people has 
diminished (a) in Western and Central Europe by taxatior 
in Eastern Europe by social revolution; (c) in America 
decline in relative value of agricultural products. 

(a) While the purchasing power of the people has bee: 
tailed by increased taxation, the revenue represented by this 1 
tion, in so far as it would have been expended by the people 
they had the disposition of it, in general commodities, has m 
been diverted by the state into payments of wages to functionaries 
who might have competed in the market for labor and contri! 
to reduction of wages, into purchase of goods other than the ) 
mal consumption in goods of the people or into payment by sor 
means of external debt. Thus, the purchasing power of the ( 
man people is curtailed by taxation and the revenue derived f 
that taxation is partly devoted to the payment of the defi 
the German railways arising chiefly from the employment 
these of men who otherwise would compete in the labor market, 
draw from unemployment funds or receive military or invalidit 
pensions. The revenue is also partly devoted to the payment 
the salaries of numerous probably unnecessary functionaries ¢ 
ployed by the state departments for the same reasons. The re\ 
is also partly devoted to the payment of the Reparations and t! 
costs of the armies of occupation—in other words, on acc 
external debt. 
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In England and France the purchasing power of the peopl 
rtailed for substantially similar reasons. In both countries the 
«overnment administrations are loaded with functionaries beyond 
r e economical point, but this condition is difficult to alter because 


social reactions to which alteration would give rise. In 


tne 


England taxation is relatively high because of the policy of the 


eovernment, which from the beginning of the war has been to 


defray the costs of the war with all speed in order that fut 
eenerations may not be unduly burdened. As in the case of Ger 
many, the external obligations of the British government necessi- 
tate the setting aside of a large part of the national income as 
‘incipal and interest. 

So far as concerns the interest upon government obligations 
held by its own people, the payment of this interest does not in 
volve a reduction in the national resources; it involves merely dis 
ribution of these. It does not even involve redistribution, for this 
interest is payable in respect to capital which has been furnished 
to the government by its own citizens largely from the proceeds 
of their foreign investments, from other savings or from private 
debts incurred by them in anticipation of future savings. In ad 
dition to taxation as the most important element in the restriction 
of spending power, the necessity of saving in order to repay the 
funds borrowed for investment in government securities, consti- 
tutes an additional restriction, closely corresponding in its effect 
upon the individual to taxation in the form of a levy upon capital. 
These considerations apply not only to Great Britain, but also to 
France and Germany. 

b) In Eastern Europe the purchasing power of the people 
has been affected by social revolution. In Russia the destruction 
of the class of landed proprietors and of the class of factory owners 
and merchants, through the confiscation of their property by the 
Soviet government or by direct action of the workingmen and the 
peasants, has destroyed the purchasing power of these classes. 
Since the Russian peasantry had slender purchasing power owing 
to the self-contained character of their village life, and since the 
industries of the towns were disorganized partly through the 
absence of industrial organizers and partly through the absence 
of demand for their products owing to the elimination of the 
classes which consumed them, the purchasing power of Russia as 
a whole has been destroyed. It can not possibly be recovered until 
the return of the expatriated consumers or the growth of a new 
consuming class. Meanwhile, there is no effective demand in the 
towns owing to the disorganization of industry, and there is no 
effective demand in the villages owing to the decline of agriculture 
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due to the destruction of the organized means of disposing of 
products. 

(c) In America the decline in purchasing power has been dy 
chiefly to the decline in the relative value of agricultural prodyets 
Since the United States is predominantly an agricultural] eoy 
try, the number of consuming persons who are engaged ip 
agriculture and its ancillary industries is greater 
number of consuming persons otherwise employed and 
creased industrial wages do not necessarily imply net total increg 
of purchasing power on the part of the people as a whole. 

From these various causes the demand for commodities 
declined as compared with the period before the war, and ¢ 
decline may fairly be held to be one of the reactions of the \ 


MOVEMENTS OF PRICES 


I have noticed the tendency towards the diminution of t 
chasing power of gold; otherwise, the advance of prices fro: 
1886 up till the summer of 1914. On the outbreak of war 
occurred a general collapse of credit, everything was for 
ready money and prices fell even for those commodities 
obviously must within a very short time be urgently dema 
war purposes. So soon as Great Britain began to orga: 
industrial life on a war basis, wages advanced rapidly 
prices advanced of all commodities destined for employment 
rectly or indirectly in war. In the hurry and bustle of the 
paign little attention was paid to economy. Those nations w! 
remained neutral at the outbreak of war reaped enormous gains 
Roumania, Italy and the United States, all of which afterwa 
became belligerents, as well as Sweden, Norway, Spain and H 
land, gained by the advance of prices of the goods which they co 
supply or transport. 

The reasons for the advances in prices at this time were ¢ 
the following : 


1 " 


1. Urgency of demand in the case, e. g., of war materia! 

2. Difficulty of procuring supplies of raw material owing to t! 
mandeering of shipping and to the war risks. 

3. Difficulty of procuring labor, owing to volunteering and later 
scription. 

4. With every advance of wages necessitated by the difficulty 
curing labor, there came a tendency to spend these wages and thus t 
the demand for commodities and there also came a tendency to 
rather than to increase the number of working hours or the activity of labor 
Patriotic appeals had frequently to be made in order to counteract tus 
tendency. 

5. Enhanced profits obtained by those who organized war 
These new and quickly earned profits were often spent as quickly by thos 
who were not accustomed to the possession and judicious control of | 


industries 
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means. These luxurious expenditures tended to inerease prices of certain 
commodities. 

All of these causes affected all countries whether belligerent or 
not. The last-mentioned cause affected especially neutral countries 
like Spain, for instance. In that country the profits arising from 
supplying Spanish products to the belligerents, especially after 
the competition of Italy was eliminated upon her entry into the 
war, were so great that demand arose for many commodities not 
previously used in Spain. In 1917-18 the Spanish dealers prac- 
tically cleared out the fur market and contributed to an advance 
in the price of furs all over the world. 

Efforts were made by means of emergency legislation to coun- 
teract these causes for the advance of prices. Food and fuel 
control boards were established and people were prosecuted for 
purchasing more than was necessary for their use. 

In those cases where the legislation was supported by public 
opinion the checking of demand probably would, taken by itself, 
have conduced to maintenance of a relatively low level of price; 
but the check to supply which the legislation inevitably involved 
probably more than counteracted its influence in keeping down 
prices. The British government was forced into the position of 
organizing supplies. This it did by establishing a purchasing 
agency in New York by means of which to a large extent it con- 
trolled the price of wheat, for example, not only for Great Britain 
but for the United States as well. This action probably on the 
whole succeeded in maintaining a more uniform price, although 
not necessarily at all times a lower price than might have been 
arrived at in a market without restrictions. 

In Germany and Austria food control was established during 
the war and this control remains, although in a modified form. 
The terms of peace, which limited the territory of the new state 
of German Austria, gave to Czechoslovakia a large industrial 
district and the patronage of the latter new state by the Entente 
Powers has enabled it to establish itself to advantage. Whether 
or not the people can develop political and economical sagacity, 
qualities which their previous absorption in the Austrian Empire 
did not permit them to exhibit, remains to be seen. For some 
time after the erection of the new state, the new rulers seemed 
determined to make it wholly self-contained. They, therefore, 
refused to trade with their neighbors, either by practically pro- 
hibitive tariffs or total prohibition. Thus they placed so high an 
export duty upon sugar that Austria imported from Java instead 
of buying it within twenty miles of Vienna, as might have been 
done otherwise. The Czechoslovakian policy was found to be im- 
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practicable, and some months ago trading relations w: 
lished between the new state and the surrounding countri 


CURRENCY SYSTEMS 


I have pointed out that in June, 1914, the currency systems 
Europe were on a stable foundation. There had been 


during the previous half century inflation of prices as 
1870 and 1873, but there was no currency inflation. Larg 
reserves had been accumulated, the credit of the govern) 
all of the powers was firmly established, chronically 
countries like Turkey being left out of account. Immediat 
the outbreak of war the credit of all governments declined 
expenses of a general war were inevitably to be enormous 
outcome of it uncertain. Governments must come into th 
markets as borrowers and therefore the security of previ 
diminished. Prices of the funded debt of all countries d 
In war immediate funds are necessary. The most 
source of government funds is the printing press, by 
which government promises to pay may be issued rapidly. 

a government already issues notes, increase in the number of t 
may be effected for a time without attracting attention a: 

fore without affecting the credit of the government. Wher 
government has no notes in circulation, as was the case in Gr 
Britain, a government issue may be made, the extent to wh 
will be received without affecting the credit of the gov 
depending upon the confidence of the people in the stabilit: 
government. Such notes do not usually avail for foreig: 
ments. Germany, France and Great Britain quickly 
themselves of the immediate resources of the printing press 
all of these countries prices were—with, we may allow, 
partial suecess—controlled; therefore for a time the purch 
power of the new paper money, inadequately secured as it was 
gold reserves, was maintained; but after these issues had reache 
a certain amount the purchasing power not only of the new issu 
but of all government notes in circulation declined. Not or 
the notes of the various governments decline in purchasing | 
but the notes of all the banks, even although these were ! 
ernment banks, declined in purchasing power also, even alt! 
the notes of these banks were amply secured by gold reserve 
their possession, owing partly to the reluctance of the publ 
submit to the inconvenience of having to deal with two p 
one in government currency at a low level of purchasing po 
and the other privately issued currency at a relatively high le 
All notes also declined, because it was evidently within the | 
of the respective governments to place an embargo 
emission of gold by the banks. 


non 
ul 





ECONOMIC REACTIONS OF THE WAR 301 


During the war the issue of paper money was kept fairly well 
under control, through the control over prices, especially in Ger- 
many. Yet the value of the paper money of all countries in terms 
of sold began to shrink before the close of the war. So far as 
the German mark or the Austrian krone was concerned, there 
being no trade between the great commercial countries and Cen- 
tral Europe, the external exchange value of the currency of 
neither of these countries could not be determined. Determination 
could only be arrived at when foreign transactions began to take 
place. Anticipation of such transactions began immediately on 
the close of the war and the first actual transactions showed that 
the external world had placed a relatively low value upon Central 
European currency. Meanwhile Germany and Austria alike had 
had to disburse gold. With every reduction of the reserve, sound 
theory determined that the proportionate amount of paper money 
issued on the strength of the reserve should be withdrawn. In 


grave emergency expediency generally takes the place of sound 


theory, and this was not done. Within two years after the out- 
break of war, notwithstanding commandeering of gold in various 
forms, the German government was compelled, in order to obtain 
necessary raw materials, to draw upon its reserves. It happened 
that, when France paid the indemnity to Germany in 1871-73, a 
portion of the gold with which a part of the indemnity was paid 
was purchased from England. This gold had a unique mark, for 
it was coined in 1871 and the whole of the gold coinage of that 
year was remitted to Germany on behalf of France. These British 
sovereigns were placed in the Fortress of Spandau, as a war 
hoard, and not a single example of the British coinage of that 
year was to be seen in circulation or in the possession of the banks. 
In the autumn of 1916 coins of 1871 began to make their appear- 
ance in London. They had been paid by Germany to Holland, 
Sweden, Spain or Switzerland for supplies furnished by these 
countries, and through these channels had found their way to 
England. 

Germany thus lost her grip on her currency system during the 
war. She undoubtedly hoped to recover it after the war was over, 
but the collapse of German government credit has prevented her 
from doing so up till the present time. In addition to the extraor- 
dinary issues of paper currency during the war, by means of 
which Germany raised a continuously accruing forced loan, Ger- 
many also issued numerous formal loans. By the end of the war, 
the financial resources of the German government were exhausted. 
It appeared to be impracticable to attempt to raise further loans. 
The only plan which commended itself to the German government 
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was to encourage to the fullest extent the resumption of industry 
and foreign commerce, and by this means to secure a basis ypor 
which an edifice of taxation or a policy of domestic borrowine 
could be built. Two means were adopted towards this end: Ry 
Article 165 of the new constitution of the German Reich. a } ly 
was instituted to be known as the Federal Economic Council, This 
council was affiliated with a federal workmen’s council and this 
again with local workmen’s councils. Some writers have seen j; 
this system an institution rivaling that of the political governmen: 
and destined to replace it in the direction of the national affairs 
Excepting for the presence in the Federal Economie Coyne’) 
employers, the system is not in essence dissimilar to the Soviet 
council system of Russia. It appears to me that the view of thes 
writers is exaggerated. The functions of the economic coune 

set forth in the Constitution of the Reich, are strictly limited ay 
unless the council usurped the powers of the Reichstag, which it 
could only do by means of a revolution, there does not appear an) 
likelihood of its actually governing Germany. If it did so 
economic functions would certainly be neglected for the political 
functions it assumed. Nevertheless, the formation of this econon 
council is a significant consequence of the war, the defeat and t 
revolution. It involves at least the possibility of accord betweer 
employers and employed and gives the latter a definite place 
the councils in which are deternined the directions of econom 
policy. In order to encourage the rehabilitation of industry and 
commerce, ordinary and so to say negative means, such as prot: 
tion, were inadequate, and it was necessary to devise positive 
means. The means that lay most readily to hand were to be found 
in the normal relations of the German banks to industria! enter 
prises. Such enterprises had been all along fostered and co: 
trolled by the banks to an extent unknown in America. Bank 
directors devised and organized new enterprises and placed 
charge of them persons in whom they had confidence. What was 
needed was an expansion of this already existing mechanism. but 
the banks had been obliged to place their resources in the hands 
of the government, and these resources had been utilized by th 
government in the prosecution of the war. German private capita 
had been largely absorbed into government loans. The government 
was unable or it was presumed to be unable to raise new loans 
the banks could obtain from an impoverished people no fresh re 
sources. How could the industries be financed until they 
to make returns? The method adopted was in effect for the gov 
ernment to print mark obligations and to deposit these to its creat 
with the banks. The banks could then furnish the credit 


ur 
"4 


hevan 
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thought expedient to the industrial and commercial concerns 
already on their books. If the process could be carried on with 
due restraint, there was at least a possibility that the profits of 
industry would eventually justify it. If some such expedient were 
not adopted, German industry might not recover for a generation, 
or it might not recover at all. The foreign channels of trade which 
Germans had opened up in past years would be used by others. 
Germany would become predominantly an agricultural country, 
and the comparatively sterile character of most of her land would 
prevent her from maintaining even her existing population, while 
erowth would be impossible. 

Thus the printing press was set to work. A paper money policy 
is like the slide of a toboggan—progress is slow at the top and it 
gradually becomes accelerated. If the toboggan meets with an 
obstruction, or if it diverges from the straight path into the ditch 
the consequences may be fatal. If, however, the descent becomes 
less steep and the vehicle glides smoothly on to the plain at the 
foot of the hill all is well. 

A paper money policy may have any of these issues. Like the 
toboggan it may land its people in the ditch or it may stop of its 
own accord smoothly and without material damage to any one. 

Germany had before her a choice of evils. In any case, her 
position was a hard one. By that I do not mean that she is en- 
titled to sympathy. She elected to go to war, she sacrificed every- 
thing in the course of the war and in the end she was defeated and 
destitute; but she made others destitute and had indeed seriously 
diminished the power of her victorious enemies to assist her to 
rise again, even if they were generous enough to desire to do so. 
Some German economists object to the financial policy of the gov- 
ernment on the ground that it threw upon the mark the whole 
weight of national reconstruction and that this reconstruction 
might have been accomplished without imposing a strain on the 
mark which it could not possibly sustain. None of these critics 
have advanced, however, so far as I am aware, any practical means 
whieh the German government could have adopted to save the mark 
and to rehabilitate industry. It may turn out that they have not re- 
habilitated industry permanently, although they have sacrificed 
the mark. Yet it must be allowed that Germany has been working 
at the highest pitch which contemporary conditions rendered 
possible during the past four years. Some other plan might have 
done the same thing and done it better without any collapse at the 
end; but no such plan was forthcoming four years ago nor is any 
such plan really forthcoming now. 

Austria did not adopt the same policy as Germany. She 
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adopted the policy of drift. She paid out her gold and ix 
paper as required. Her currency system went to Pieces as 
political system had gone. Yet so paradoxical has life become 
in some ways Austria is better off than Germany, for her 
industries are conducted with a minimum of capital, and \ 
is still an important financial center, although every second py 
who is to be met in the streets of Vienna seems to be dealine 
exchange. 

Czechoslovakia and Hungary are better off—one because < 
has industries and financial assistance for them from the En: 
especially from France, and Hungary because she has t! 
plains of the valley of the Danube left to her, with fertil, 
and enormous herds of cattle. Both of these countries a: 
throes not of inflation but of deflation. For deflation has also 
difficulties. Rise of paper prices, in consequence of exces 
issues of paper, has as one of its results danger of a sudde1 
The Hungarian krone was coming back to par too quickly 
‘progress had to be checked. So also was the Czechoslovak 
rising too rapidly. Wages and prices alike were affect 
measures had to be taken to relax the speed of recovery 
countries, the approach to normal conditions may confident 
anticipated. 

The gold situation at the present time may be desc 
follows: The total amount of gold in the bank and govern: 
reserves of the world is approximately twice the amount 
reserves in 1913. Russia has parted with practically all 
huge stock of gold she held at that time. The absence of 
has compelled the Soviet government to send the gold abroad 
the absence of organized production has prevented it from getting 
any of it back again. Austria has parted with practically 
her gold. Germany has nearly as much gold as she had in | 
The following countries have greatly increased their gold reser 
Netherlands, France, Switzerland, Spain, Great Britain, Swed 
Norway, Denmark, Roumania, Japan, Australia and th 
States. 

The normal flow of gold from one country to another has 
impeded by legislation adopted during the war and lasting 
its duration, by the absence of active demand for commodit 
the absence of important transference of capital from one 
to another for investment, by the decline of credit owing ' 
effects of the war and of the peace upon many national fi 

Stabilization of the presently unstable currencies, like t! 
Germany, must take place at some period, either by means ' 
legislative act, written in appropriate terms and passed at a! 


[ 





be drawn 
Already 
Treasury, 
pe and 
iilders an 


Ss and 


though the steps may be irregular. An impo 
es of the necessaries of life must have as conseg 
ince of wage * the le groun of labore 
minution in the numbers of that group 
under advanee bécausi ' the scarcity 
depend primarily not yn the cost of 
it upon the net return to the product o! 
vages are paid. An author, for example, recei\ 
of the product of his pen, which value may not 
wn estimate of the worth of that product 
lequate to procure for him the means of life wh 
himself to writing. The persons who purchase 
tt concerned in the least whether he makes a livin 
them or not or even whether he lives or dies. There 
ssary author, nor is there any necessary laborer or necessar) 
dual man. Yet, if writing did not on the whole 
sonable return and if laboring on the whole did not do 
ld be neither writers nor laborers. Advances in wages hay 
‘red beeause the prices of the necessaries of 
the advance of these is often made the ground of a de 


the advance of wages; but they have occurred because 


- 
e 


ise In price of the product of the labor in question has enabled 


organizer of labor to accede to a demand for increased wages 
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or to anticipate such a demand. This condition 
upon the employing system but must exist 
involves the payment of wages for work done 
municipal or state employment. 

Wages have thus risen in those industries 
of the product has risen, and the price of the 
because of the increased urgency of demand fo 
always two persons in the making of a bargain, ar 
impossible for one of these persons to determine 
the seller is urgent, if he must sell, the price wl 
will be near the price which he would take rath 
all, whereas if the buyer is urgent the price will 
he would pay rather than forego the purchase 
and the seller’s price are each determined by 
wise of their need. 

When the nations were organizing 
were extremely urgent buyers—the price 
sideration. What they wanted were muni 
tomary seales of prices and wages were 
principles of economic transactions were 
emplified. 

Many of the second rate newspapers 
political economy being upset by the war, and 
demand and supply’’ being in abeyance. <Afte 
slight step, which some of them made, to the stat 
had altered the laws of nature. 

These are absurdities. The nations during 
urgent buyers, and they had to pay the extra 
even in time of peace the unusually urgent buy 
war did illustrate this fact, however, viz., that 
is the supply of goods at the place and when 
the pecuniary price that is paid for them. 
be incurred in respect to that pecuniary p! 
debt comes to be paid, who can estimate whethe 


that debt will be more than equivalent to the val 


is saved by the presence of the goods here and 1 


The demand for munitions and the demand 


them, together with the searcity of labor in 


Troops 


demand supervening upon the demand for 
of those who had the task of organizing war indust 
the conditions under which labor was carried on 
were built, for example, specially designed for th 
with comfort of which pre-war factories were dest 
in the ease of factories in general, more attent 
to the convenience of the worker than ever befo: 
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Offices were candidly 
many war eontracts 
There was no fluctuat 
erind—day shifts 
enterprises no long 
management al 
n orders to keep th 
m unasked, they had o ly 
thus transformed in 
was unprecedented output 
every one of the belligerent countries 
with a speed which would have b 
the beginning of the war 
ibly some of this speeding up of industry 
ifter the war, and might under adequat 
ed the conditions of the 
would in any case ha nterrupted the reg 
and would have invol ; a mater al change 


unremitting energy. (Oo pecuniary motiv 


the war, even the munition makers 
ch were the least war weary were 


necessarv to work at the 1 


LABOR MOVEMENTS 
During the war labor movements in all 


nationalist labor propaganda, beginning 


nfluence in 1862 and again especially 
had not affected the political situation 
1914. The French Socialists put France 
n the seeond place, the German Socialists 
ii Socialists afterwards. Difference of r 


att 
ind of economical conditions made international 
ictically impossible. Even national labo 
“l in the presence of international confi 
was over, the leading socialists were prep: 
of the political situation and to utilize the 
in offered by the disorders, discontent and n 
had left in the defeated countries and esp: 
Austria and Russia. In Russia, the ¢ 
is OVerthrown by a combination of parties of 


tional Demoerats were the most influential. 


med by this combination was succeeded bv the 


ensky, and this was sueceeded by the Soviet 


oo! 


: The Soviet government was composed not of 
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al Den 


composed of 
populations 
roKken away 
comnil 
e hostility or sulle: 
nevitable. The industrial proletari: 
iway into the villages from which they had 
disorganized partly through the absence of 
through the destruction of the class of indust 
lnder these cireumstanees transportation brok 
of commodities, a necessary postulate of a comm 
system was at an end. Peasant agricultur 
supervened. The Soviet government changed 
’ four years of fruitless effort to establis 
began to seek the assistance of capitalists and eapit 
of industry. Progress toward economic recover, 
but there are signs that it is proceeding. Amor 
reactions of the war this Russian experiment must 
tant place in history, alike for its positive effect 
for its negative effect upon all other countries 
of establishing communism at a stroke has been full: 
The effect of the demonstration upon the labo 
countries has been salutary. In every country the 
sts who advocated views similar to those of Lenir 
either been converted like Mussolini in [tal 
vineed that ‘‘the way of order though it leads 
is the best.”’ 
Among social reactions of the war must be 
of efforts to establish councils or boards by meat 
ployers and employed might discuss their mutual 
interests. The Whitley Councils in Great Britain 
Economie Council with its subsidiary councils 
examples of a tendency towards recognition ot 
workingmen in the continuity of production. 
The economic bearing of the counter revolut 


movement, represented by the Fascisti in Italy a1 


Emergency Foree in Germany—both originatin: 


groups organized to break strikes and to prevent Pp 





ECONOMIC REACT] OF THE "NN 


‘ecognized. nh movements 
aggresslvt apor movements, 
sumed to have the advantage over 
In Germany the te 
m the Socialist ranks. ; 
reliable elements in these ranks, the 


’ ‘ 
sastrous to the German NS ‘ialist groups 


MOVEMENTS OF CAPITAI 


arrested movement of capital excepting 
ontrol. Immediately after the Armistic 
vere resumed. Exact statistics are wanting, but 
ve amounts of foreign capital have been 
in\ during the past three vears. The investment 
tal has undoubtedly rendered more complicated 


parations; because a capital levy upon these invest 


vield funds to pas Reparations, would he look: 


rally as a breach of faith and would intensify the 
ch already exists against Germany abroad. Otherwis 
tions already deseribed as existing in nearly all cow 
tated against the movements of capital from one count! 
In so far as reparations have been paid by Germany 
heen effected by means of the export of capital there hay 


en no other fund from which to draw the payments 


Mosinity or PrRoperRTy IN LAND 


‘he pressure of taxation and the advance in wags 
together conduced to an unprecedented mobility 
n land, especially in Great Britain. Estates have been 
intry houses have changed hands; those who succee 
‘ing fortunes during the war have purchased them 
een converted into schools and other public institut 
corresponding character with regard to proximity 
population are more easily acquired and are acqu 
es in Great Britain than in the United States. Tl 
ts to a certain degree in France and Germany. 
purchased land in Central Europe must, howeven 
gn currency. No one in Germany or in Austria, 
| sell for payment in the depreciated currency of thes 
has thus been somewhat less mobility of land 
Austria than might have been expected. Those 
ave been made have involved foreign purchase 0 


lent Germans who had command of foreign resources 
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OPINION REGARDING THE LIMITS OF THE F 1 
STATI 
| have noticed the inerease of the function 
During th 
assumed numerous functions with which it had 


period immediately before the war. 


been entrusted in modern times. Where railways had 
vate ownership, as in Great Britain and the | 
governments took them over. Where prices had 

trolled, the governments controlled them. Muniec 

were passed, greatly extending the area of 


Not ? 2 
NO ail Ou 


munis 
nearly all of these emergency functions 


from the state in spite of a certain amount 


those who adhere to the policy of 


verience of the exercise of a policy 

control seems to have been on the 

The chief alleged faults developed d 
onalization were over-manning of tl] 
e, Supineness on the part of the st: 
n time and material and tendency towards 
with the public. These objections may 
universally valid; but they had sunk deeply 
public mind for little protest to be made when tl 
and Great Britain handed back the railways to tl 
instead of acquiring them for the state. Canada 
different position. She had not 


bee) 


taken over the ra 
of these fell into financial difficulties during the wat 
to some extent as direet consequence of the war. T! 
instead of going to the financial assistance of these 

chased them. Up till the present time the managen 
succeeded in 


paying operating expenses. Whether 
future this record will be altered remains to be seen 


PuBLic INDEBTEDNESS AND TAXATION 

The indebtedness of all countries belligerent 
has inereased as direct consequence of the war. Yet 
fluctuations of exchange and the steady downward te! 
exchange of Central European currencies, the gold 
debt of Germany and Austria, for example, has decli 
countries were now able to purchase their debts wit! 
paper, they might readily reduce them to an insignifi 
They are not able to do so because some part of this 
deemable and much of this form of debt never co! 
market, and beeause the moment the governments beg 


a large seale, the prices of the obligations would 
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paper money which would have to be 
ven more rapidly than they have done. 
has been a tendency in all countries to raise the 
on required for interest payments and also for iner 
strative expenses by means of a graduated income 
n Holland nearly thirty years ago, the gradua 
neome tax has become practically universal 
taxes mean redistribution of wealth. The stat 
the pockets of some people and puts the reve 
thers. The taxpayer as taxpayer pays taxes 
vernment bonds as such receives his d 
same person; but the amounts are 
vyovernments not adopted the 


, 


n sums of small denomination, thi 


invest their savings in it, the publie debt 


ed by a relative <thee ahe 
holders would have been create The consequence 
of this kind must have been movements fi 
of government indebtedness. There are 
Europe or in America 
ar has thus exereised an influence 
and while in some of these the influence 
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essential to attribute to the war and 


mly those reactions which clearly car 
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SOCIAL LIFE AMONG THE INSECTS 


By Professor WILLIAM MORTON WHEELFR 


BUSSEY INSTITUTION, HARVARD UNIVERS 


LecturE VI. THe TERMITES, OR ‘* WHITE AN 


Some of the most extraordinary idiosynerasies 
are exhibited in the construction of their nests 
These bear a certain albeit superficial resemblance t 
express very clearly the eryptobiotice tendencies of th 
great predilection for darkness, moisture and pi 
eurrents. Having shut themselves off as much as poss 


outer world and having therefore become almost 


and very thin-skinned, they would be extermi 


insects, birds and mammals and especially by thei 
enemies, the ants, if they had not learned to compe: 
feeble and defenseless condition by building unus 
resistant nests. There are. to be sure. a few species 
Hodotermes havilandi and the Indian Eutermes im: 
are deeply pigmented or have well-developed eves 
the open sunlight, but these are very exceptional. 
diff 


_ 


The nests of termites are of two kinds, the 
eentrated. The former are not definitely marked 
vironment in the soil or dead wood and consist m 
galleries. Such nests are made by the’ Protermit 
Mesotermitidx, e. g., our common Reticulitermes 
concentrated nests are clearly marked off from 
and are definite, elaborate structures consisting 
for the king and queen in the center, surrounde: 
eoneentrie and inosculating galleries and cham! 
eovering often of considerable thickness and sol 

The concentrated nests differ greatly 
species. They eonsist either of earth or woody mat 
but these substances are subjected to an elabo 
Both the soil and the wood may be swallowed by 
after mixture with secretions either regurgit 
through the intestine and used as building materia! 
soil or wood may be merely bitten off and agglut 
On drying the substances employed, especially 
nated earth. become almost as hard as cement. so 


1 Lowell Leéetures 
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easy to break into some of 


sS may build either in 
ehes of trees. When in the former situati 


‘size and shape may vary g 


ons 


ly conical mounds, but then 
‘vases they differ from ant-nes 
the termites do not pass to or 


of the soil. they construct earthen or 


ts in lacking exposed ent 


Ww) from the 


feeding gr 


s. SO that they ean visit their 


their bodies to the light and air. 

most conspicuous type of termitarium in the Old We 
+s is a rounded boss or cone built up very gradually o 
nal subterranean nest established by the roval couple a 
st broods of workers. Termitaria of this deser ol 
ve and numerous that at a distance they resemble a 
tive huts. Closer study of these nests reveals the 
different types which may be conve 


eolumnar or tower-sh iped, 


iently er 


r less eonieal, the 


| and the mushroom-shaped. 


aped « 


In he open SHVal 
Afriea a large, broad-based, bluntly pointed, 
‘mitarium is in some places so common to make 


the soil very uneven (Fig. 104). Even larger, conical 
sts were described and figured by early explorers like Sm: 
The photographs of a more recent traveler, Mr. H. O 


nan. 
which may 


a better idea of these structures. ittain a 
.105). In Australia the forms of the ea 


In New South Wales the 


vive 
of 18 to 20 feet (Fig 


ests seem to be even more varied. 
tures of Coptotermes lacteus first appear above ground as 
flattened, extremely hard bosses, but they gradually grow 
they form smooth tower-like structures 6 to 10 feet 
gest of these nests are probably about 10 vears 
Machon, who found that sim 


in 11 years. But 


this from the statements of 
Paraguay reach a height of 12 feet 


ry > 
Those ot Hutermes puriform | 


iS 


taller nests in Australia. 


Saville Kent and Froggatt are veritable sky scrapers 18 
At Koah, in Northern Queensland, I found 


feet high. 
species ot Bu 


type of columnar nest, also the work of a 


short and bulky, often flattened at the summit and 
transition between this 


constricted at the base. <A 
‘onical type is represented by certain termitaria fow 


Kent in the Kimberley district of Western Australia | 


ern part of the same continent we find the singular wedge-shan: 


because 


structures, called compass or meridional termitaria, 
y surfaces facing Cas 


ire constantly oriented with their two long 
| west and their narrow ends facing north and sout} Th 
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lal termitariun 


grapl 


liar mushroom-shaped termitaria are known only from 


torial Africa. They are only a few inches to a foot in height 
106 and 107 


The tree nests, which seem to be more abundant in the Ame 


‘an than in the Old World tropics, are usually subspherical 
ellipsoidal and vary from the size of a football to that of a bi: 
They are black or dark brown, consist of digested wood a) 
ble the carton nests of arboreal ants (Crematogaster, Az! 
except that they have a royal chamber in the center and lack 
entrance holes in the covering, or envelope. Certain Africa 
Indian tree termitaria are more cylindrical and resemble stalag 
hites or masses of some viscous substance which has been applied 
the treetrunk and has congealed on beginning to driy In one 


teresting Afriean species we find on the bark of th. 
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ldges 


nest of this type a series of chevron-shaped ri 
be construeted by the termites for the purpose of le 
that flows down the trunk during heavy showe 
nest (Fig. 108). In British Guiana Mr. Alfred E 
my attention to similarly protected nests constructe: 
seribed species of Hamitermes. 

Some termites habitually store food substances 
the 


its | 


of their nests. Andrews has shown that 
Eutermes puifrons of the West Indies keeps 


of large solid, lenticular or conchoidal masses tl 
nest. Some of the African species of Hodotermes | // 
earry in grass, both green and dead, in pieces ab 
the Indian FButermes monoceros collects 


long, and 
The Queensland Eutermes 


stores particles of lichens. 
the peculiar bulky nests to which I have referred st: 


b« +f i 
— “nl =” Zz ys 
2 gens 
7: 


~* 
2 


7 


y 4 


ae, 

y, 

f 

| 
4 


Mushroom-shaped termitarium 


Congo Photog 
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mbers with great quantities of cut grass. Sil 
tered plant-storing termites in South America. 
Of the many analogies between the ants and termites the 


+ 


that of the fungus-growing habit Althoug 


mnishing 1s 
Smeathman, during the latter part of the eighteenth 
lependently and almost simultaneously discovered the 
ngus gardens, their true significance has been apprecia 
ng the past 30 vears, as a result of the investigations of 
Holtermann, Sjoestedt, Petch, Doflein, Escherich 
While the fungus-growing ants, as stated in 


are all confined to a single Myrmicine trike, the 


xelusively American, the fungus-growing termites a 


few genera (Termes, Odontotermes, Microtermes, 
mes, Synacanthotermes, Protermes, Sphwerotermes 


to the Ethiopian and Indomalayan regions 
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growers, in fact, represent the most highly 


of the order Isoptera and are the ones that make th 


of which | have erted several examples. lh t 


Sec ‘.) tT} 


spec al 


Seen To contaln a number of large, spherical or subsphe 


bers surrounding the royal cell and connected wit 
another by galleries. In each 


‘ 


fungus gardens—sponge-like 


chamber there are 


bodies varying in 


s 
walnut to that of a cocoanut, and resemb! 
Attiine ants, but more solidly and more arti 
Kig. 109). They consist of vegetable mater 


collected and comminuted by the workers, 


passe 
estines and built up in such a manner as to pr 


exposure of surface for the growth of the fung 


studied the fungi cultivated by Odontotermes 


ODSCUriICE DS in Cevlon. deseribes them as growling 


FIG. 108 
termite. Niapu, 
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FIG. 110 
om (Collybta albuminosa Volvaria (Armuilla 


m an abandoned comb of Odontotermes sp, at Coimbatore 


photograph by W. McRae, reproduced by T. B 
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ests of some fungus-growing termites are provided 


ke structures, communicating with large 
chich have been interpreted by Escherich as a systen 
shafts. This interpretation seems to be supported by 
nee of somewhat similar arrangements in the nests ot! 
fungus-growing ants of the genus Atta, and the 
hat the successful cultivation of fungi in subterra 


s depends on a eareful regulation of temperature 
Both Peteh and Escherich have shown that the 
in the termitarium varies only some 9 deg 


20 degree 


tside temperature may vary as much as 
a“ 


ther hand, the nests of many fungus-growing 


ther chimneys nor shafts. Tragaordh and Holmere: 


vard them primarily as passages for the trans 
while the nest is being constructed 
now to the association ot termites witl 


another striking parallelism with the cond 
bed in my last lecture, but again with sign 
the tropics termites are very often found ne 
‘ven 1m appropriated valleries of nests cons 
by other species of termites. Holmgren records as 


species thus living in the same termitarium More 


ts, like the species of Carebara, may also live 


ch cites a number of Indian ants as oceurri 


in Queensland I found fully a dozen spec 


ns, and 
regularly to inhabit the nests of Coptotermes la 
only 


rmites. (Certain termites. too. seem to oeceur 


certain other termites, e. (.. Anoplotermes 
Texas and Northern Mexico, according to 
n South Ame 


rHMINOSUS 


snvael 


ies microsoma, which has similar habits 
¢ to Holmgren. Silvestri found that the South Ame 


rmes fur always usurps part of the nest and steals the 


; 
S 


Eutermes cyphergaster. In India Escherich found 
genera (Leuecotermes, Eutermes, Eurytermes and 
living in the nests of the fungus-growine pee 
ermes, With these same termites occur also tw 
mes (globicola and obesi) which form small 
their own galleries, though they steal both the 
terials for the substratum from their larger 
cases, Whether of termites associated itn 
mites associated with ants, we are dealing 
sts. The various species always occupy sep: 


isually hostile when breught together. 
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FIG. Ill 


I 


ysogastric termitophilous flies. A. Termit 


nest of the Indian Termes obesus. (After E. Wasmann 
a Phorid from the nests of the West African Ane 

F. Silvestri.) ( Termitomastus leptoproctus 

j 


1f .Inoplotermes reconditus in Southern B: 


F. Silvestri.) 
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ies, analogous to 
detected among 
teresting are the 
live their nest 
species have been de 

rs and families 

ntly been brought about 


have induced the myrmecophiles to live w 


. tophiles may also be elassified in the Same 


s, indifferently tolerated guests (svynoeketes 
s) and parasites. Some of the forms seem To ha 
or no modification as a result of their associat 


tes, but many of the true guests and a few of th: 


ed peeuliat characters, the most characte) 
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IS Physogastry, or excessive enlargement of th 
may be due to a great increase in the volume o 
organs or of the alimentary canal but in its most 
brought about by hypertrophy of the fat-body. In ¢ 
the abdominal enlargement there is a decrease 
head and thorax and a reduction or loss of the 
In certain species the body may be furnished 
finger-shaped exudate organs, which are oceasior 
even in physogastric forms. I select for illustrat 
more striking symphiles and predators 

] A number of small two-winged 
Pheride and the genera Termitoxenia 
and Ptochomyia (Fig. 111B), which live 
and Indian termites, show an excessive physeg 
ecompanying diminution of the head, thorax, 
The wings, in faet, are reduced to small strap 
vestiges. Wasmann, who first described the sp 
toxenia and Termitomyia, is of the opinion that 
phroditie and viviparous, but Silvestri has recently s 
is certainly not the case with the closely allied Pt 


has also discovered in the nest of a South America 


plotermes reconditus) another phvsogastric fly 


leptoproctus Fig. 1l1l@’ - belonging to an entirel\ 
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nitomastida 
size of the head and thorax, but the 
‘ed less diminution. 
*hysogastry of various degr 
the family Staphy! 
‘fed and licked by the termites. 
me to the genera Co ‘a and 
rs ago by Sehioedte for three South 


In all of them the abdomen is enlarge: 


; 


eal mass, which is turned upward an 

thorax and in Spirachtha bears thre 
iped exudatoria (Fig. 112). When th 
ve (Fig. 1126) only 


ind its appendages 


nverted 


Alfred Emerson disco 

le species of Spirachthi 

or pairs of exudatoria vrreatly 
or pair elongated and lvriform. 


; 


seems To be that whe) 


rd nary Staphyvln d Kie. 1134 


emer’ 


‘ XKidato 
L1TeS. Probably this is 
to} ! iles. 
‘he larve of certain Af 
nera Glyptus and Orthogonius 


whieh they | 


r ho d 
ent of the abdomen. 

larve of several beet Staph 
thomyide) and moths ( Tineidx 
sogastric, though the abdomen is 
lult Spirachtha above deseribed, pa 
Ss jomted exudatoria on the abdomin; 
segments. Good examples are the larv: 
loca akermanni, deseribes by War 
Silvestri, the larva of » Ay thomy 
moths Plast 


is deseribed by Trigaordh and Silvesty 


Silvestri and of the T 


vill observe that the phy sogastriec term 
esemble their termite hosts and especially 
resemble certain ant-larve and thi q 
would seem therefore that all these com 
enlargement and accumulation of fat 
thorax, blindness ind aptery must be the 


same peculiar environment. And we sho 


j 


It shows a similar physoga 


} 


s 


Ve 
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wrong in maintaining that the factors responsible t 
cations are confinement within narrow galleries a 
very limited supply of oxygen, absence of light and 


of carbohydrate food. We have long known that 


and plenty of food predispose both man and his dor 


to obesity. That darkness also favors deposition of f 
animals is shown by the experiments of Ottramare, 
heard of the fattening of the geese in the cellars 
and of the fat-bird (Steatornis) that lives in the ea 
Absence of oxvgen, moreover, as Dewitz, Bohn and 
demonstrated, inhibits the development of wings 
drews says that ‘‘the respiratory needs of termites n 
since the estimated amount of air in a nest (0 
Eutermes pilifrons weighing 40 pounds or oceu 
feet was only 9 volumes for each volume of tern 
the partial blindness of many physogastrie forms is 
of oxygen, as Loeb has suggested in the case of 
or to the absence of light, as has been universally 
be decided because both conditions obtain in the 
Of course, the diminution of the eves and wings 
account for the reduction in the size of the head and 

Now the obviously degenerative or pathological 
fatty physogastry and the development of exudato: 
termitophiles to become true guests, /. ¢., they can, lik 
themselves, produce exudates which are eagerly de 
hosts and in return either receive regurgitated food 
prey on the defenseless brood. Wasmaun believes 
gastry and exudatoria are produced through ‘*‘ami 
by the termites, much as fat breeds of pigs and eatt! 
by man’s selective activities, but such a hypothesis s 
even less acceptable than the very similar hypothesis 
vanced to account for the symphilic myrmecophiles 

Of more importance in the lives of the term 
physogastric guests are the numerous intestinal Int 
have been studied by more than a score of invest 
they were first deseribed by Lespes in 1856 and L 
These Infusoria occur as a rule only in the soldier 
They have been found in many species of termites 
their range and have been variously interpreted as pa 
mensals and symbionts. Imms, who has published t! 
account of their behavior, regards them as true syn 
break down the particles of ingested wood and rend 
easily assimilable by the termites. Animals as hig! 


as insects must find it diffieult or impossible to digest 
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refore interesting to observe, as Imms 


hetween the intestinal Protozoa and 


the occurrence of numerous genera 


ihs of ruminants, notably of the ox, sheep 


leer. ‘‘It is believed that, by means 

table matter consumed by the Rumin: 
ender it eapable of being digested by 
fusoria are absent from the stomachs 

or 1 heing weaned from the 

1912, p. 446 According to Certes (1889 

the protoplasm of the Infusoria, and the 

role in the digestive process of the Run 
afond (1843) maintain that the protoplasn 
tself digested, and thereby contributes towa 
the host Ruminant. Similarly, the Infuso 
testine of the Equidw are possibly symbiot 
th their host.”’ 


; 


‘onelusion I shall have time to dwell on on 

‘Ol siderat OS suggested by the Silis lal 

encies between the termites and the ants 
in both of wingless worker and soldie) 


} 


ind fungus-growing habits, trophallaxis, rel 
The duplieation of these phenome ain groups 
are placed by svstematists at the Opposit 
‘ation of inseets may be of some interest to 
iuse the study of human cultures rey 
stitutions and linguistic 
separated peoples. some anthropolog STS alti 
, 


ies to community of origin, while others insist 


; 


ten inventions of independent origin and developme) 
eflect that ants and termites have been able. thro 
vsiologieal and instinetive processes, independently 
strikingly analogous peculiarities as those I have di 
seareely doubt that different human communities 
the same species and endowed with some intellige 
ently have hit upon the same inventions. 
A less obvious consideration is suevested bv the invest 
Holmgren, who finds that as we advanee in our study o 
mites from the lowest family, the Protermitide,  higl 
Metatermitide, we notice a distinet physical, or morpholog 
oration in the species and a concomitant improvement of 
is system. These changes he attributes to advancing 
tion. A study of the ants as a group certainly 


hut much feebler tendeneyv of the same kind as 
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from the more primitive Ponerine to the highly spee 
eine and Dolichoderinw. And it is interesting to not 
society appears to be tending in the same directior 
coming accustomed to the thought that our remote 
be toothless, hairless and without olfactory organs, 
bly other appurtenances, but we console ourselves wit! 
they will have more and better grey matter and a bett 
havior than ourselves. We must look forward, howe 
to physical losses in our descendants but to the loss of 
institutions and eustoms, for progressive evolutioy 
only an acquisition but also a loss of characters. As 
Massart and Vandervelde have pointed out, ‘‘all 
necessarily be attended by degeneration.”’ This exp! 
older generation is always seandalized by the vo 
members that it seandalized its parents. 

In termites the amount of degeneration accon 
evolution is, as stated, much greater than in the 
veneration seems to have been brought about ve 
inereasing need for protection. With vreatel 
solidity of nest architecture the termite colonies cam: 
selves off more and more from the outside world 
except the winged males and females, lost their ev: 
consistency of their integument. They thus cam 
mollusks, crustaceans and certain fishes and rept 
withdrawn within a heavy protective armor, and | 
participating in the free competitive and cooperat 
environment. The ants, with the exception of 
nean species, have not been inveigled into adopt 
and timorous mode of life. Henee it is conceival 
the more plastic ant-genera may be or may come t 
progressive evolution, but there is every reason to 
termites have already reached the end of the 
eently we might have been tempted to say the s 
human races like the Chinese and Koreans, who | 
selves off for long periods from intercourse wit! 
fortunately the human species is still so young that 
of such behavior have failed to leave their imp 
organization, and as long as the more resilient mé 


activities alone are affected, there is always hope of 


more open cooperative and competitive life whic! 


basis of progressive evolution. 
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RRENT COMMENT 
) N kK SLOSSO 


\ sh ngto 


S nee the 


if would not 


kee nm the sun } 
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PROGRI 


Thinkers 


Intercommt 


often 


highest importance that 
how the other half thinks, 
that smaller traction of 
for the 


which is thinking 


namely, scientific inves 


unt of knowledge accumu 
g the last three hundred 
e man began the systemati 


looks large 
that 


of nature 

the ignorance 
looks small when we 
yet 


with what nobody 


IS worse, this precious 


acquired knowledge is 


few small and peris! 
[ do not mean books, 
We say ‘‘knowled 


that 


knowledge 
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ALIVENESS 
Professor 


abora 


been injyu 


sciences he was which wil 


them. A botanist normaley 


use for a chemist unless he 


borrow paraffin or alcohol 


Now the botanists and 


ists seem to be going over 
hemistry and physics. 


iestion how much will b 
’ 


ological sciences when the 
sciences get what t! 
them. 


fferences bhetwee1 
th 


1 new became still moré 


me when Professor 


X planes TO mie what he 


eavoring quan 


surement to 


the processes 


mathematical formu 





FATHER AND SON 


, witl 
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TWINS IN ONE FAMIL‘S 
Martin’ 


sets of twins in a family 
‘family two othe h 


then the creature grows or decays, 
thrives or declines Dying is there 


re a normal part of living. The 


nly danger is in its getting to going 


Tast. 


Professor Osterhout does not sa‘ 
nything about the application of his 


hsecoveries and theories to human 
fe So far as I know he has 
rried his experiments farther up 


fe than frog’s skin. 


not 


=( 


some time before we ¢a 
hether there is any sense it 
quantitative expressions of 
‘I feel half dead’’ or 
ud than alive,’’ by whic! 


usually that we are 


ESTRAL SCANDALS OF 
SCIENCE 
back the history of a s 


searching out a geneal handbook 
Hero 


4 
sure to unearth som 

us if he goes back far turbine 
hn G. Saxe warned the 
stor worshipper of this 


familiar lines: 
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emple of Isis could perform fak as often serve 


miracles If the alchen 


Pythagoras discovered the |: mer had been f1 


hypotenuse—and was so happy patrons and s 
it that he killed a hundred oxen. promise vou g 
It is hard for us to see why. But insting life, 
nathematies was to him form of fate in the 
magic, otherwise he would not grubsta 
een interested in it. two thousan 
Paracelsus did much ) ance ther 
mecicine. We ean not vet dispense ve ind the 
with the three drugs he introduced, 
mercury, opium and antimony But 
‘aracelsus’s real name was Bombast 
ind he lived up to it 
It is humiliating to confess, but 
progress of science n its early 
owed much to the false preter 
its practitioners Kings 
have kept a corps of men 
tars unless thev had 
| returns in the 
iuguri 
for centuries 
ised philosoph 


life pron 


tumbus would no 
Atlantic 
wrong in his fig 
earth and 

have 


if 


Ponee de Leon w | » Florid 


his search for a mythical Fountair 


of Youth. Coronado explored the 


Kansas plains to find the fabulous 
Sevel Cities of Cibol: The Vain 
search for the impracticable North 
west Passage to Asia was the stimu 
exploration for 
“ly for the 
ous aims may lead to 
The scientist has learned 
chieve greater miracles thar 
ended to perform. Tr 
under the shadow 
oaks get thei st 
worthless wee: 
l-o-the-wi 


a fixed 





